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Organic Compounds 



This application relates to 1-(4-Benzyl-piperazin-1.yl)-3-phenyl-propenone derivatives that 
are antagonists of Chemokine Receptor 1 (CCR-1) and to their use in the treatment of 
diseases or disorders that involve migration and activation of monocytes and T-cells, 
including inflammatory diseases. 

Accordingly the application provides a compound of formula I, or a pharmaceutically 
acceptable salt or ester thereof, 




wherein 

R, is-X-R 10 or-X-(Rio) 2 

Wherein X is a linker comprising 1 atom or a chain comprising 2, 3 or 4 atoms selected from 
N, C, O or S, and wherein when said linker comprises 2 or more C atoms the linker may 
comprise 1 or more C=C or CEC bonds; 

wherein any of said atoms has up to 2 optional substituents selected from hydrogen, oxo, 
cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, 
carbonyl, sulfur amino; 

Rio is a substituent independently selected from the group consisting of hydrogen, cyano, 
halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, cycloalkyl, heterocycloalkyl, aryl; 



R 2 and R 7 represent one or more substituents e.g. 1,2 or 3 attached to the phenyl ring 
selected from the group consisting of hydrogen, cyano, halo, nitro or optionally substituted 
oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl or a substituent forming a bicyclic ring system of which the 
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phenyl ring to which it is attached forms part of the bicycle for example butadiene forming ( 
n^nthvi or heterobutadiene forming quinolinyl, quinoxalinyl or isquinolinyl; 

R 3 and R4 are independently selected from the group consisting of hydrogen, cyano, halo, 
lower alkyl. lower alkyenyl, lower alkynyl, carbonyl, cycloalkyl, heterocycloalkyl, aryl; 

R S and Re are independently selected from the group consisting of hydrogen, cyano, lower 
alkyl. lower alkyenyl, lower alkynyl, carbonyl, cycloalkyl, heterocycloalkyl, aryl; 



Above and elsewhere in the present description the following terms have the following 
meaning 

The term "lower" in connection with organic radicals or compounds means a compound or 
radical which may be branched or unbranched with up to and including 7 carbon atoms. 

A lower alkyl group is branched or unbranched and contains from 1 to 7 carbon atoms, 
preferably 1 to 4 carbon atoms. Lower alkyl represents for example methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, n-pentyl. t-butyl, n-heptyl. lower alkyl is optionally substituted by 
hydrogen, cyano, halo, nitro, amino, oxy, alkoxy. 

A lower alkenyl group is branched or unbranched, contains from 2 to 7 carbon atoms, 
preferably 2 to 6 carbon atoms, and contains at least one double bond. Lower alkyenyl is 
optionally substituted by hydrogen, cyano, halo, nitro, amino. Lower alkenyl represents for 
example ethenyl. prop-1-enyl, but-1-enyl, pent-1-enyl, pent-1,4-dienyl. 

A lower alkynyl group is branched or unbranched. contains from 2 to 7 carbon atoms, 
preferably 2 to 6 carbon atoms, and contains at least one tripple bond, lower alkynyl is 
optionally substituted by hydrogen, cyano, halo, nitro, amino. Lower alkynyl represents for 
example ethynyl, prop-1-ynyl, but-1-ynyl, pent-1-ynyl, pent-3-ynyl. 

Amino relates to the radicals -NH 2 and =NH and may be optionally substituted; for instance, 
by lower alkyl 



Aryl represent carbocyclic aryl and heterocyclic aryl. 
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Carbocyclic aryl represents an aromatic cyclic hydrocarbon containing from 6 to 18 ring 
atoms. Carbocyclic aryi is mono-, bi- or tricyclic. Carbocyclic aryl represents for example 
phenyl, naphthyl, biphenyl. Carbocyclic aryl is optionally substituted by up to 4 substituents. 

Carbonyl refers to the radical -C(O)- 

Cyano or nitrite represents the radical -CN 

Cycloalkyl represents a cyclic hydrocarbon containing from 3 to 12 ring atoms preferably 
from 3 to 7 ring atoms and may be mono-, bi- or tricyclic and includes spiro. Cycloalkyl 
represents for example cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. Cycloalkyl is 
optionally substituted. 

Halo represents chloro, fluoro or bromo but may also be iodo. 

Heterocyclic aryl represents an aromatic cyclic hydrocarbon containing from 5 to 18 ring 
atoms of which one or more, preferably 1 to 3, are heteroatoms selected from O, N or S. It 
may be mono or bicyclic. Heterocyclic aryl is optionally substituted. Heterocyclic aryl 
represents for example pyridyl, indoyl, quinoxalinyl, quinolinyl, isoquinolinyl, benzothienyl, 
benzofuranyl, benzopyranyl, benzothiopyranyl, furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, 
triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl. 

Heterocycloalkyl represents a mono-, bi- or tricyclic hydrocarbon containing from 3 to 18 ring 
atoms preferably from 3 to 7 ring atoms and contains one or more, preferably 1 to 3, 
heteroatoms selected from O, N or S. Heterocycloalkyl is optionally substituted. 
Heterocycloalkyl represents for example pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 
indolinylmethyl, imidazolinylmethyl and 2-Aza-bicyclo[2.2.2]octanyl 

Nitro represents the radical -N0 2 

Oxo represents the substituent =0 

Oxy represents the radical -O-, and includes -OH 
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0WMWI l» IWIVM^^ — • — ■ — , w- ^ _ ^ 

The optional subsfrtuents on carbocyclic aryl, cycloalkyl, heterocyclic aryl, heterocycloalkyl 
are as defined for the optional substituents on R10 below. 

The optional substituents on X are one or more, e.g. 1-3 substituents, independently 
selected from the group consisting of hydrogen, oxo, cyano, halo, nitro or optionally 
substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, amino, sulfur, sulfinyl, sulfonyl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro, oxy, lower alkyl, lower alkyenyl, lower alkynyl, amino, 
sulfur, cycloalkyl, heterocyloalkyl, aryl; 

The optional substituents, e.g. 1-6 substituents, on Ri 0 are one or more substituents 
independently selected from the group consisting of hydrogen, oxo, cyano, halo, nitro or 
optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, Sulfur, 
cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl. lower alkyenyl, 
lower alkynyl, carbonyl, amino, Sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, Sulfur, cycloalkyl, heterocycloalkyl. aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 

The optional substituents, e.g. 1-6 substituents, on R 2 and R 7 are one or more substituents 
independently selected from the group consisting of hydrogen, oxo, cyano, halo, nitro or 
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Q optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, 
cvcloalkvl. heterocvcloalkvl. aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 

The optional substituents, e.g. 1-6 substituents, on R 3 and R4 are one or more substituents 
independently selected from the group consisting of hydrogen, oxo, cyano, halo, nitro or 
optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, 
cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro, oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 

The optional substituents, e.g. 1-6 substituents, on R 5 and R 6 are one or more substituents 
independently selected from the group consisting of hydrogen, oxo, cyano, optionally 
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subst'rtuted lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, , cycloalkyl, heterocycloalkyl^ 

aryl: 

Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, 
lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro or oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, sulfur, cycloalkyl, heterocycloalkyl, aryl; 

In a preferred embodiment the invention also provides a compound of formula II, or a 
pharmaceutically acceptable salt or ester thereof, 




Wherein 
RMs-X'-RNo 

Wherein X" is a linker independently selected from optionally substituted -N-C-N-, -N-C-, -N 
S-, -N-S-N-, -C-N-, -S-N-, -CEC-, -C=C-, -N-C-S-, -C-, -S-ls|-S-R' 10 . 
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Wherein R 2l R5, Re and R 7 are as defined above. 

Preferably R' 10 is one or more substituents independently selected from the group consisting 
of hydrogen, halo, or optionally substituted carbonyl, amino, heterocycloalkyl and aryl. 

when R'i is -N-C-N-R* 10 the C atom is preferably substituted by oxo, =N-C=N or =C-N0 2 . 
when R'i is -N-C-N-R' 10 , R'i 0 is preferably Hydrogen, 
when R'i is -N-C-N-R' 10 . R'io is preferably optionally substituted by hydrogen. 
Examples of R\ when X" is -N-C-N- are urea or N-cyano-guanidine. 

when R'i is -N-C-R' 10 or -C-N-R' 10 the C atom is preferably substituted by oxo. 
when R'i is -N-C-R* 10 or -C-N-R' 10 , R'10 is preferably optionally substituted methyl, 
piperidinyl. 

when R", is -N-C-R' 10 or -C-N-R' 10 , R'10 is preferably optionally substituted by hydrogen, 
methyl, benzyl, formic acid ethyl ester. 

Examples of R', when X" is -N-C- or -C-N- are acetamide, N-methyl-acetamide, N-(1-methyl- 
piperidin-4-yl)-acetamide, N-(1 -benzyl-piperidin-4-yl)-acetamide, 4-Formylamino-piperidine- 
1 -carboxylic acid ethyl ester. 

when R'i is -N-S-R' 10 or R'i5-S-lsl-S-R' 10 the S atom or atoms are preferably substituted 
twice by oxo. 

when R', is -N-S-R* 10 or RV-S-N-S-R* 10 ,R'io is preferably optionally substituted methyl, 
when R'i is -N-S-R' 10 or RVS-ljl-S-R' 10 ,R' 10 is preferably optionally substituted by 
hydrogen. 

Examples of R'i when X' is -N-S-R' 10 or RVS-ljl-S-R' 10 are N-Methanesulfonyl- 
methanesulfonamide 

when is -N-S-N-R' 10 preferably the S atom is substituted twice by oxo and the N atom is 
independently optionally substituted by methyl. 

when R'i is -N-S-N-R' 10 . R'io is preferably hydrogen or optionally substituted methyl 
when R'i is -N-S-N-R' 10 . R'io is preferably optionally substituted by hydrogen 
Examples of R*, when X' is -N-S-N- are aminosulfonic acid amide and sulfonic acid 
dimethylamide. 
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v^en R'i i* -R=C-R\n. R\n is preferably optionally substituted methyl, isopropyl or 
piperindinyl 

when R*i is -CEC-R'io, RNo is preferably optionally substituted by hydrogen or amine 
Examples of R'i when X' is -C=C- are l-Methyl-4-ethynyl-piperidin-4-ol. 4-ethynyl-piperidin-4- 
ol, 3,3-Dimethyl-but-1-ynyl, 3-dimethylaminoprop-1-ynyl, 3-hydroxy-3-methylbut-1-ynyl, 4- 
Hydroxy-4-ethynyl-piperidine-1-carboxylic acid tert-butyl ester 

when R'i is -C=C-R\ 0 , R\o is preferably optionally substituted piperidinyl 

when R'i is -C=C-R'i 0 , R'10 is preferably optionally substituted by hydroxy, methyl. 

Examples of RS when X* is -C=C- are 4-hydroxy-1-methylpiperidin-4-yl)-vinyl. 



when R'i is -N-C-S-R* 10 preferably the C atom is substituted by =N-C=N or 
when R\ -N-C-S-RNo, RNo is preferably optionally substituted methyl 
when R\ is -N-C-S-R'io, R'10 is preferably optionally substituted by hydrogen. 
Examples of RS when X' is -N-C-S- are methylthio-N*-cyano thiourea or methylthio-N*- 
(Morpholin-4-yl-methyleneamine)-thiourea 

when R'i is -C-R'i 0 preferably the C atom is optionally substituted by oxo, 

when R'i -C-R'io, R'io is preferably optionally substituted pyrrolidin, morpholino, Piperazine, 

Formic acid methyl ester and [1 ,2,4]triazol 

when R'i is -C-RNo, R'io is preferably optionally substituted by hydrogen, oxo, methyl, 
ethanone. 

Examples of RN when X is -C- are [1,2,4]triazol-1-ylmethyl, pyrrolidin-2-one-methyl, 
morpholin-4-ylmethyl, acetic acid methyl ester, 

The optional substituents, e.g. 1-6 substituents, on R' 10 are one or more substituents 
independently selected from the group consisting of hydrogen, or optionally substituted oxy, 
lower alkyl, carbonyl, amino; 

Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-6 substituents, a substituent independently selected from the group consisting of 
hydrogen, or optionally substituted oxy; 
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Wherein the optionally substituted substituents are optionally substituted once or more by, 
e.g. 1-S c'jbctit'jsrits, e substituen* independently selected from the group consisting of 
hydrogen or optionally substituted lower alkyl; 

wherein said substituents are herein before defined or Preferably; 

Lower alkyl is methyl, ethyl, iso-propyl, t-butyl; 

Lower alkenyl is ethenyl; 

Lower alkynyl is ethynyl, prop-1-ynyl f but-1-ynyl; 

Heterocyclic aryl is triazolyl; 

Heterocycloalkyl is pyrrolidinyl, piperidinyl, piperazinyl or morpholinyl. 

In a further preferred embodiment the invention also provides a compound of formula III, or a 
pharmaceutical^ acceptable salt or ester thereof, 




HI 

Wherein R*i is as defined above. 

R 2 and R 7 represent one or more substituents e.g. 1 or 2 attached to the phenyl ring selected 
from the group consisting of hydrogen, cyano, halo or butadienyl. 
wherein said substituents are herein before defined or Preferably 
Halo is chloro or Fluoro. 

R* 5 and R' 6 are independently selected from the group consisting of hydrogen and lower 
alkyl; 

wherein said substituents are herein before defined or Preferably lower alkyl is methyl 

In particular the invention includes a compound selected from: 

NK5-Chloro-2-[(E)-3-[(RM-^ 

N-cyanoguanidine 
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N-(5-Chloro-2-[(E)-3-[(R)-4-(4-fIuorobenzyI)-2-methylpiperazin-1-yl]-3-oxopropenyl]phenyO 

N-(5-Ch1oro-2-[(E)-3-[(S)^(^ 
acetamide 

(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)^^^ 
urea 

(5-Chloro-2-[(E)-3-[(S)-4-(4-fluorober^ 
urea 

N-(5-ChIoro-2-[(E)-3-[(RH-(4-f!uoroben^ 
N,N-dimethylsulfamide 

N-(5-Ch!oro-2-[(E)-3-[(R)^-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxoprope 

methanesulfonamide 

N-(4-Chloro-2-[(E)-3-[4-(4^ 

methylthio-N'-cyano thiourea 

N-(4-Ch!oro-2-[(E)-3-[4-(4-fluorobenzyl)-2-m 

sulfonylurea 

(5-Ch!oro-2-[(E)-3-[(2R,5S)-4-(4-fIuorober^^^ 
phenyl)-urea 

N-(5-ChIoro-2-[(E)-3-[(2R,5S)^(4-f^ 
phenyl)- acetamide 
N-(5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fl^^ 
phenyl)- acetamide 

(5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fluorobenzyl)-2 l 5-dimethylpipei^in-1-yl]-3-oxopropeny 
phenyl)-urea 

N-(5-Chloro-2-[(E)-3-[-4-(4-fluoroben 

(5-Chloro-2-[(E)-3-[-4-(4-fluorobenzyI)-piperazin-1-yl]-3-oxopropenyi]-phenyl)-ure^ 

(E)-3-[4-Chloro~2-(4-hydroxy-1-methylpiperi^^ 

2-methylpiperazin-1 -yl]-propenone 

(E)-3-[4-Chloro-2-(4-hydroxy-1 -met 

2-methylpiperazin-1 -yl]-propenone 

(E)-3-[4-Chloro-2-[(E)-2-(4-hydroxy^ 

fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 

(E)-3-[4-Chloro-2-[(E)-2-(4-hy^ 

fluoroben2^I)-2-methyIpiperazin-1-yl]-propenone 
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(E)-3-[4-ChIoro-2-(4-hydro 

r^i #lr>; no ro -7i n-1 -v/ll-nrnnonnnp 

... j - j -j i- - - 1 

(E)-3-[2-(3-Amino-3-methylbut-1-ynyl-4-cN 
methylpiperazin-1 -yl]-propenone 

(E)-3-[4-Chloro-2-(3-dimethylaminoprop-1 -ynyl)-phenyl]-1 -[4-(4-fluorobenzyl)-2- 
methylpiperazin-1 -yl]-propenone 

(E)-3-[4-Ch!oro-2-(3-hydroxy-3-methylbut-1 -ynyl)-phenyl]-1 -[4-(4-fluorobenzyl)-2- 
methylpiperazin-1 -y!]-propenone 
N-(3-[(E)-3-[(R)-4-(4-Fluorobenzyi)-2-me^ 
acetamide 

(3-[(E)-3-[(R)-4-(4-FluorobenzyI)-2-meth^ 
urea 

N-(3-[(E)-3-[(R)-4-(4-Fluorobenzyl)-2-methyipiperazin-1-yi]-3-oxopropenyl]-naph 

N'-cyanoguanidine 

N-(4-ChIoro-2-[(E)-3-[4-(4-fluoro^ 

cyanoguanidine 

N-(4-Chloro-2-[(E)-3-[4-(4-flu 

acetamide 

(E)-3-(4-Chloro-2-moiphoIin-4-y^ 
yl]-propenone 

1-(5-Chloro-2-{(E)-3-[4-(4-fluorc^^ 
pyrrolidin-2-one 

(E)-3-(4-Chloro-2-[1 ,2,4]triazol-1 -ylmethyl-phenyl)-1 -[4-(4-fluoro-benzyl)-2-methyl-piperazin- 
1-yl]-propenone 

(E)-3-[4-Chloro-2-(4-methyl-piper^^ 
piperazin-1 -yl]-propenone 
(E)-3-[2-(4-Acetyl-piperazin-1-ylmethyl)^ 
piperazin-1 -yl]-propenone 

5-Ch!oro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo-prop acid 
methyl ester 

(5-Chtoro-2-{(E)-3-[4-(4-fluoro 
acetic acid methyl ester 

5-Chloro-2-{(E)-3-[4-(4-fluoro-ber^ acid 
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(E)-3-[4-Chloro-2-(4-methyl-piperazine-1 -carbony l)-phenyl]-l -[4-(4-fIuoro-benzyl)-2-methyl-^ 

piperazin-1 -yll-Drooenone 

5-Chloro-2-{(E)-3-[4-(4-fIuoro-benzyl)-2-m 

benzamide 

5-Chloro-2-{(E)-3-[4-(4-fIuorcKbenzyl)-2-methy!-piperazin-1-yI]-3-oxo-pr^ 
piperidin-4-yl)-benzamide 

N-(1-Benzyl-piperidin-4-yl)-5-chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-m 
oxo-propenyl}-benzamide 

4-(5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyI)-2-methyl-piperazin-1-yI]-3-oxo-propenyl^ 
benzoylamino)-piperidine-1-carboxylic acid ethyl ester 
N-(5-Chloro-2-{(E)-3-[4-(4-chI^ 
acetamide 

N-(5-ChIoro-2-{(E)-3-[4-(3-fluoro-benzyl)-2-methyl-piperazin-1-yI]-3-oxo-propenyI}- 
acetamide 

N-(5-ChIoro-2-{(E)-3-[4-(2,4-difluoro^^ 
phenyl)-acetamide 

N-(5-ChJoro-2-{(E)-3-[4-(4-cyano-benzyl)-2-me 
acetamide 

Or a pharmaceutical^ acceptable salt, or ester thereof . 

The compounds of formula I II and III and as listed above are herein after referred to as 
Agents of the Invention. 

Pharmaceutical^ acceptable salts of the acidic Agents of the Invention are salts formed with 
bases, namely cationic salts such as alkali and alkaline earth metal salts, such as sodium, 
lithium, potassium, calcium, magnesium, as well as ammonium salts, such as ammonium, 
trimethyl-ammonium, diethylammonium, and tris-(hydroxymethyl)-methylammonium salts. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic sulfonic 
acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are also possible provided a 
basic group, such as pyridyl, piperazinyl, piperidinyl constitutes part of the structure. 
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^ Agents of the Invention may also exist in the form of optical isomers; for example as 

hereinafter described In the Examples. Thus the invention includes both individual isomeric 
forms as well as mixtures, e.g. racemic and diastereoisomeric mixtures thereof, unless 
otherwise specified. Conveniently the invention includes compounds of formula I in purified 
isomeric form, e.g. comprising at least 90%, or preferably at least 95%, of a single isomeric 
form. 

Where Agents of the Invention exist in isomeric form as aforesaid, individual isomers may be 
obtained in conventional manner, e.g. employing optically active starting materials or by 
separation of initially obtained mixtures, for example using conventional chromatographic 
techniques. 

The Agents of the Invention which comprise free hydroxyl groups may also exist in the form 
of pharmaceutically acceptable, physiologically cleavable esters, and as such are included 
within the scope of the invention. Such pharmaceutically acceptable esters are preferably 
prodrug ester derivatives, such being convertible by solvolysis or cleavage under 
physiological conditions to the corresponding Agents of the Invention which comprise free 
hydroxyl groups. Suitable pharmaceutically acceptable prodrug esters are those derived 
from a carboxylic acid, a carbonic acid monoester or a carbamic acid, advantageously esters 
derived from an optionally substituted lower alkanoic acid or an arylcarboxylic acid. 

Agents of the Invention may be prepared by processes as described below 



Method A 
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wherein the symbols are as defined above. 
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For example in the presence of a suitable catalyst for example palladium acetate in an inert 
soiveni suoi i as digiyrr.s sr.d advantageously «ipvated temperature e.g. 140°C. 

A compound of formula 2 may be prepared by coupling a compound of formula 3 

3 ^*10 
or 

*10 

With a compound of formula 5. 

For example in the presence of a suitable catalyst for example palladium acetate in an inert 
solvent such as diglyme and advantageously at an elevated temperature e.g. 140°C. 



Compounds of formula 5 may be prepared by treating a compound of formula 6 



HN 

Re 



with a compound of formula 7 




for example in an inert solvent such as dichloromethane. 

A compound of formula 7 may be prepared by treating a compound of formula 
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With a compound of formula PPhsCFUCOaCHa for example in an inert solvent such as 

toluene end advantageously at en elevated temperature e.g. reflux, to "■e ,r ' 2 mH «f 

formula 8 




Which is hydrolysed to give a compound of formula 7. For example in an inert solvent such 
as methanol and treatment with a base e.g. sodium hydroxide. 



Method B 




A compound of formula 10 may be prepared by coupling a compound of formula 11 




with a compound of formula 12 
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til' _ ^ 

For example in the presence of a catalyst e.g. palladium acetate and a base such as 
triethylamine and preferably in an inert solvent such as DMF 

A compound of formula 12 may be prepared by coupling a compound of formula 13 

R « 13 

with a compound of formula 6 

R 6 6 

A compound of formula 6 may be prepared by coupling a compound of formula 14 a 



HN 



14 a 



with a compound of formula 14 

HN-S 
Re 14 

For example by the procedure set out in WO 0236581 . 



Method C 



Case 4-32743P1 




Case 4-32743P1 



-19- 



A compound of formula 15c may be prepared by coupling a compound of formula 15b 




with a suitable compound for example a carboxylic acid or an activated carboxylic acid e.g. 
R 10 COCI or R 10 COOH in the presence of a suitable coupling agent e.g. NH 2 or EDCLHCI 
advantageously in an inert solvent such as dichloromethane. 

A compound of formula 15b may be prepared by deprotecting the amino group of a 
compound of formula 15a 




for example under acidic conditions e.g. with HCI 

A compound of formula 15a may be prepared by coupling a compound of formula 19 




with a compound of formula 6 



Case 4-32743P1 



-20- 




for example in the presence of a suitable coupling agent e.g. EDCI.HCI in an inert solvent 
such as dichloromethane. 

A compound of formula 6 may be prepared by coupling a compound of formula 14 a 



with a compound of formula 14 




For example by the procedure set out in WO 0236581. 

A compound of formula 19 may be prepared by hydrolysis of a compound of formula 20 




for example in the presence of sodium hydroxide in a suitable solvent such as methanol 
advantageously at an increased temperature e.g. 50°C. 



A compound of formula 20 may be prepared by the reduction followed by the treatment with 
B0C2O of a compound of formula 21 
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for example reduction with a suitable reducing agent e.g. SnCI2 in an inert solvent such as 
ethanol in the presence of an acid such as HCI. Then treatment with Ac^O in an inert solvent 
such as THF and advantageously at an increased temperature e.g. reflux. 

A compound of formula 21 may be prepared by treating a compound of formula 22 



22 

with PPh 3 CR4C0 2 CH3 in an inert solvent such as toluene and advantageously at an 
increased temperature e.g. reflux. 

A compound of formula 22 may be prepared by the oxidation of a compound of formula 23 



23 

for example in the presence of a suitable oxidizing agent such as Mn0 2 

In a further embodiment the invention also provides a process for the preparation of a 
compound of formula I, II or III. 

A). A process whereby a compound of formula I, II or III is prepared by coupling a compound 
of formula 4 





OH 



4 



10 



With a compound of formula 5 



Case 4-32743P1 



-22- 




wherein the symbols are as defined above. 

For example in the presence of a suitable catalyst for example palladium acetate in an inert 
solvent such as diglyme and advantageously at an elevated temperature e.g. 140°C. 

B). A process where by a compound of formula I, li or III is prepared by coupling a 
compound of formula 3 

4 or 
Bu 3 Sn^\ 

^10 



With a compound of formula 5. 




Re 

For example in the presence of a suitable catalyst for example palladium acetate in an inert 
solvent such as diglyme and advantageously at an elevated temperature e.g. 140°C. 

C). A Process where by a compound of formula I, II or III may be prepared by coupling a 
compound of formula 1 1 
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with a compound of formula 12 




For example in the presence of a catalyst e.g. palladium acetate and a base such as 
triethylamine and preferably in an inert solvent such as DMF 

D). A Process whereby a compound of formula I is prepared by coupling a compound of 
formula 19 




with a compound of formula 6 




for example in the presence of a suitable coupling agent e.g. EDCI.HCI in an inert solvent 
such as dichloromethane. 



EXPERIMENTAL SECTION 



Abbreviations: 
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AC20: 


Acetic anhydride 


BOC: 


tert-Butyloxycarbonyl 


DCC: 


Dicyclohexyl-carbodiimide 


DMAP: 


DimethyI-pyridin-4-yl-amine 


DME: 


1 ,2-Dimethoxyethane 


DMF: 


N,N-Dimethyl forrnamide 


EDCI: 


(3-Dimethylamino-propyl)-ethyl-carbodiimide hydrochloride 


HCI: 


Hydrochloric acid 


HOBT: 


Benzotriazol-1-ol 


NaOH: 


Sodium hydroxide 


NEt 3 : 


Triethylamine 


TBME 


tert-Butyl-methylether 


TFA: 


Trifluoro-acetic acid 


THF: 


Tetrahydrofuran 



Examples: 



Example 1 : N-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpipera2in-1-yl]-3- 
oxopropenyl]phenyl)-N'-cyanoguanidine 

a) (E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acryiic acid methyl ester 




(E)-3-(2-Amino-4-chlorophenyl)-acrylic acid methyl ester (Carting, Robert W.; et al. J. Med. 
Chem. (1993), 36(22), 3397-408) (3.3 g, 15.6 mmol) in THF (63 ml) was combined with 
(BOC) 2 0 (6.8 g, 31.2 mmol) and refluxed for 4 hours. THF was evaporated and. a second 
portion of (BOC) 2 Q added (6.8 g, 31.2 mmol). The mixture was heated to 100 °C for 18 
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hours. Recrystallisation from TBME/hexanes rendered the title compound as colorless 
crystals (4.6 a: 94%). 

1H-NMR (400MHz; DMSO-d6): 1.46 (s, 9H); 3.72 (s, 3H); 6.58 (d, 1H); 7.25 (dd, 1H); 7.47 
(d, 1H); 7.72 (d, 1H); 7.82 (d, 1H); 9.33 (bs, 1H, NH). 

MS (m/z) El: 311 (M+, 20); 238 (10); 255 (20); 180 (70); 152 (65). 
b) (E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acrylic acid 




(E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acrylic acid methyl ester (4.6 g, 14.7 
mmol) was dissolved in MeOH (300 ml), 2N NaOH (11 ml, 22 mmol) and water (147 ml) 
added and stirred at 50 °C for 1 hour. The clear reaction mixture was concentrated to ~150 
ml, acidified to pH 3 and extracted twice with TBME. The combined organic phases were 
dried over Na 2 S0 4 and evaporated to dryness to yield the title acid as colorless crystals (3.8 
g, 87%). 

c) 5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3- 
oxopropenyl]phenyl)-carbamic acid tert-butyl ester 




(E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acrylic acid (743 mg, 2.5 mmol) and (R)- 
1-(4-fluorobenzyl)-3-methylpiperazine (Hilger, Christoph-Stephan et al., WO 0236581) (520 
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mg, 2.5 mmol) were dissolved in CH 2 CI 2 (25 ml), combined with EDCI.HCI (480 mg, 2^ 
mmol) and stirred at room temperature for 6 hours. The reaction mixture was Durified via 
chromatography (Si0 2 , EtOAc/hexanes 25/75 to 35/65) to yield the title compound as 
colorless foam (1 .0 g; 81 %) 

1H-NMR (400MHz; DMSO-d6): 1.26 (d, 3H); 1.45 (s, 9H); 1.98 (dt, 1H); 2.13 (dd, 1H); 2.67 
(d, 1H); 2.82 (d, 1H); 3.13 (bt, 1H); 3.43 (d, 1H); 3.52 (d, 1H); 4.13 (bd, 1H); 4.53 (bs, 1H); 
7.02 (d, 1H); 7.12 (dd, 2H); 7.19 (dd, 1H); 7.35 (dd, 2H); 7.45 (d, 1H); 7.60 (d, 1H); 7.73 (d, 
1H); 8.81 (bs, 1H). 

MS (m/z) ES+: 488.2 (MH+, 100). 



d) (E)-3-(2-Amino-4-chlorophenyl)-1 -[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]- 
propenone 




5-Chloro-2-[(E)-3-I(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]-phenyl)- 
carbamic acid tert-butyl ester (1.0 g, 2.05 mmol) was dissolved in EtOH (4 ml) and HCIconc 
(4 ml) and stirred for 30 minutes at room temperature. The reaction mixture was treated with 
a saturated solution of Na 2 C0 3 and extracted with EtOAc three times. The combined organic 
phases were dried over Na 2 S0 4 and evaporated to dryness to yield the title compound as 
yellow crystals (630 mg, 80%). 

1H-NMR (400MHz; DMSO-d6): 1.25 (bs, 3H); 1.95 (bs, 1H); 2.10 (bs, 1H); 2.68 (d, 1H); 2.83 
(d, 1H); 3.10 (bs, 1H); 3.43 (d, 1H); 3.53 (d, 1H); 4.20 (bd, 1H); 4.60 (bd, 1H); 5.75 (s, 2H, 
NH2); 6.55 (dd, 1H); 6.73 (d, 1H); 6.97 (d, 1H); 7.18 (dd, 2H); 7.39 (dd, 2H); 7.53 (d, 1H); 
7.63 (d,1H). 

MS (m/z) ES+: 388.2 (MH+, 100). 
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e) N-(5-Ch!oro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3- 
oxopropenyI]phenyl)-N-cyanoguanidine 




(E)-3-(2-Amino-4-chlorophenyl)-1-[(R)-4-(4-fluo 

(116 mg, 0.3 mmol) and NaN(CN) 2 (178 mg, 2 mmol) were heated to reflux in ethoxyethanol 
(3 ml). 2N HCI (1 ml) was added dropwise within 5 minutes and the reaction mixture refluxed 
for another 5 minutes. The reaction mixture was poured on a saturated solution of Na 2 C0 3 
and extracted with EtOAc twice. The combined organic phases were dried over Na 2 S0 4 , 
evaporated to dryness and purified via chromatography (Si0 2f EtOAc/MeOH/NH 3 conc 
95/4.5/0.5) to yield the title compound as a solid (40 mg, 30%). 

1H-NMR (400MHz; DMSO-d6): 1.28 (bs, 3H); 1.99 (bs, 1H); 2.10 (bs f 1H); 2.68 (d, 1H); 
2.85 (d, 1H); 3.00 (bs, 1H); 3.43 (d, 1H); 3.55 (d, 1H); 4.20 (bd, 1H); 4.60 (bd, 1H); 5.78 (s, 
1H, NH); 7.16-7.28 (m, 4H); 7.33-7.42 (m, 2H); 7.47 (d, 1H); 7.55 (d, 1H); 7.93 (d, 1H); 8.98 
(s, 2H, NH2). 

MS (m/z) ES+: 455.2 (MH+, 100). 
[<x]D = -66.2 °; c = 0.5 in MeOH. 

Example 2: N-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methyIpiperazin-1 -yl]-3- 
oxopropenyl]phenyl)-acetamide 
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(E)-3-(2-Amino-4-chlorophenyl)-1-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-propenond© 

(75 rr.g, 0.2 rr.rr.e!), NEt; (202 mg, 2 mrno!) and Ac-O (204 m«. 2 mmo!) were «wfluved in 
THF (4 ml) for 8 hours. The reaction mixture was evaporated to dryness and purified via 
chromatography (Si0 2l EtOAc/MeOH/NH 3 conc 97/2.7/0.3) to yield the title compound as a 
white foam (60 mg. 70%). 

1H-NMR (400MHz; DMSO-d6; 100 °C): 1.28 (bs, 3H); 1.97 (bs, 1H); 2.10 (bs, 1H); 2.11 (s, 
3H); 2.68 (d, 1H); 2.85 (d, 1H); 2.98 (bs, 1H); 3.43 (d, 1H); 3.55 (d, 1H); 4.20 (bd, 1H); 4.58 
(bd, 1H); 7.17-7.22 (m, 3H); 7.30 (dd, 1H); 7.39 (d, 1H); 7.40 (d, 1H); 7.59 (d, 1H); 7.65 (d, 
1H); 7.93 (d, 1H); 9.92 (s, 1H, NH). 

MS (m/z) ES+: 430.2 (MH+, 100). 

[a]D = -61 .0 °; c = 0.5 in MeOH. 

Example 3: N-(5-Chloro-2-[(E)-3-[(S)-4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-3- 
oxopropenyl]phenyl)-acetamide 




(E)-3-(2-Amino-4-chlorophenyl)-1-[(S)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 
(prepared in analogy to the R-enantiomer above) (78 mg, 0.2 mmol), NEfe (202 mg, 2 mmol) 
and AC2O (204 mg, 2 mmol) were refluxed in THF (4 ml) for 8 hours. The reaction mixture 
was evaporated to dryness and purified via chromatography (Si0 2l EtOAc/MeOH/NH 3 conc 
97/2.7/0.3) to yield the title compound as a white foam (50 mg. 58%). 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.30 (d, 3H); 2.06 (dt, 1H); 2.10 (s, 3H); 2.20 (dd, 
1H); 2.70 (dd, 1H); 2.85 (dd, 1H); 3.20 (dt, 1H); 3.48 (d, 1H); 3.56 (d, 1H); 4.15 (bd, 1H); 
4.55 (bs, 1H); 7.01 (d, 1H); 7.11 (dd, 2H); 7.23 (dd, 1H); 7.36 (dd, 2H); 7.59 (d, 1H); 7.60 (d, 
1H); 7.75 (d, 1H); 9.38 (bs, 1H, NH). 



Case 4-32743P1 



29 



— — - . . — « - _ <rtr» r> /» m_i ■ H r\r\\ 
WIO VfTUi; COT. tOUX v ,v " ' 1 i iww/. 



[<x]D = +56.4 °; c = 0.5 in MeOH. 



Example 4: (5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-3-oxopropenyl]- 
phenyl)-urea 





(E)-3-(2-Amino^chlorophenyl)-1-[(R)^(4-fluorobenzyl)-2-methylpiperazin-1^ 

(100 mg, 0.26 mmol) and NaOCN (34 mg, 0.504 mmol) were stirred in HOAc (5 ml) and 

water (10 ml) for 3 hours at room temperature. The reaction mixture was poured on 1N 

NaOH and extracted with EtOAc twice. The combined organic phases were dried over 

NajjSCX evaporated to dryness and purified via chromatography (Si0 2) 

EtOAc/MeOH/NH 3 conc 95/4.5/0.5) to yield the title compound as colorless crystals (70 mg, 

63%). 

1H-NMR (400MHz; DMSO-d6): 1.29 (bd, 3H); 1.85-2.20 (bm, 2H); 2.68 (d, 1H); 2.83 (d, 
1H); 3.10 bm, 1H); 3.43 (bt, 1H); 3.53 (bt, 1H); 4.20 (bd, 1H); 4.60 (bd, 1H); 6.28 (s, 2H, 
NH2); 7.08 (dd, 1H); 7.12-7.21 (m, 3H); 7.38 (d, 1H); 7.40 (d, 1H); 7.68 (d, 1H); 7.77 (d, 1H); 
8.00 (d,1H); 8.40 (s, 1H). 

MS (m/z) ES+: 431.2 (MH+, 100). 



[a]D = -64.6 °; c = 0.5 in MeOH. 



Example 5: (5-Chloro-2-[(E)-3-l(S)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]- 
phenyl)-urea 



Case 4-32743P1 



-30- 



X 




cr 




.F 




cr 



(E)-3-(2-Amino-4-chlorophenyl)-1-[(S)-4-(4-fluorobenzyl)-2-methytpiperazin-1-yl]-propenone 
(prepared in analogy to the R-enantiomer above) (100 mg, 0.26 mmol) and NaOCN (53 mg, 
0.75 mmol) were stirred In HOAc (5 ml) and water (10 ml) for 1 hour at room temperature. 
The reaction mixture was poured on a saturated solution of Na 2 C0 3 and extracted with 
EtOAc twice. The combined organic phases were dried over Na 2 S0 4 , evaporated to dryness 
and the solid purified via recrystallisation from TBME to render the title compound as 
colorless crystals (70 mg; 63%) 

1H-NMR (400MHz; DMSO-d6): 1.20 (bd, 3H); 1.85-2.20 (bm, 2H); 2.68 (d, 1H); 2.83 (d, 
1H); 3.10 bm, 1H); 3.43 (bd, 1H); 3.53 (bd, 1H); 4.20 (bd, 1H); 4.60 (bd, 1H); 6.28 (s, 2H, 
NH2); 7.08 (dd, 1H); 7.12-7.21 (m, 3H); 7.38 (d, 1H); 7.40 (d, 1H); 7.65 (d, 1H); 7.75 (d, 1H); 
7.98 (d, 1H); 8.38 (s, 1H). 

MS (m/z) AP+: 431.2 (MH+, 90); 388.2 (50); 251.2 (100). 
[a]D = +63.6 °; c - 0.5 in MeOH. 



Example 6: N-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluoroberizyl)-2-methylpiperazin-1-yl]-3- 
oxopropenyl]phenyl)-N,N-dimethylsulfamide 



(E)-3-(2-Amino-4-chlorophenyl)-1-[(R)^ 

(50 mg, 0.13 mmol) and N,N-dimethylsulfamoylchloride (83 fxl, 0.77 mmol) were dissolved in 
pyridine (2 ml) and heated to 50 °C for 12 hours. The reaction mixture was evaporated to 
dryness, taken up in 2N NaOH and extracted with TBME twice. The combined organic 
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phases were dried over Na 2 S0 4 , evaporated to dryness and purified via chromatography 

(acstor.s/I-.sxsr.ss 2/S tc 3/7) tc yield the title compound (10 mc. 15%) ?? ?. yellow foam. 

1H-NMR (400MHz; DMSO-d6): 1.27 (bs, 3H); 1.98 (bs, 1H); 2.12 (bs. 1H); 2.67 (bd, 1H); 
2.72 (s, 6H); 2.85, bd, 1H); 3.00 (bs, 1H); 3.44 (bd, 1H); 3.55 (bd, 1H); 4.22 (bs, 1H); 4.60 
(bs, 1H); 7.15-7.25 (m, 3H); 7.32 (bs, 1H); 7.38-7.43 (m, 3H); 7.90 (d, 1H); 7.93. (bs, 1H); 
9.80 (s, 1H, NH). 

MS (m/z) ES+: 495.2 (MH+, 100). 

Example 6: N-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-3- 
oxopropenyl]phenyl)-methanesulfonamide 



(E)-3-(2-Amincn4-chlorophenyl)-1-[(R)-4^ 

(100 mg, 0.26 mmol) and NEts (0.22 ml, 1.54 mmol) were dissolved in THF (4 ml) and 
treated with MeS0 2 CI (60 |d, 0.77 mmol) under stirring for 10 minutes at room temperature. 
The reaction mixture was taken up in water and extracted twice with TBME. The combined 
organic phases were dried over Na 2 S0 4 , evaporated and purified via chromatography (Si0 2 , 
TBME) to yield the disulfonamide intermediate (120 mg) as a colorless foam. The latter was 
dissolved in EtOH (4.5 ml) and treated with 2N NaOH (4.5 ml) for 2 minutes at room 
temperature. The mixture was poured on water and extracted with TBME three times. The 
combined organic phases were dried over Na 2 S0 4l evaporated to dryness and purified via 
chromatography (Si0 2 , TBME/MeOH 10/0 to TBME/MeOH 9/1) to yield the title compound 
as yellow foam (50 mg, 38%) 

1H-NMR (400MHz; DMSO-d6): 1.28 (bs, 3H); 1.98 (bs, 1H); 2.11 (bs, 1H); 2.68 (d, 1H); 2.85 
(d, 1H); 3.03 (bs, 1H); 3.05 (s, 3H); 3.45 (d. 1H); 3.55 (d, 1H); 4.20 (bd, 1H); 4.60 (bd, 1H); 
7.15-7.23 (m, 3H); 7.36-7.43 (m, 4H); 7.82 (d, 1H); 7.97 (d, 1H); 9.76 (bs, 1H, NH), 
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MS (m/z) ES+: 466.2 (MH+, 80). ( 
[cc]D = -50.0 0; c = 0.5 in MeOH. 

Example 7: N-(4-Chloro-2-[(E)-3-[4-(4-fIuorobenzyl)-2-methylpiperazin-1 -yl]-3-oxopropenyl]- 
phenyl)-methyrthio-N'-cyano thiourea 




(E)-3-(2-Amino-4-chlorophenyl)-1 -[4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-propenone (200 
mg, 0.51 mmol)(racemic; prepared in analogy to the R-enantiomer above from racemic 1-(4- 
fluorobenzyl) -3-methylpiperazin (Bolos, Jordi et al. J.Med.Chem. (1996), 39(15), 2962- 
2970) in THF (5 ml) was treated under stirring with NaH (55% in mineral oil, 40 mg, 0.8 
mmol) at room temperature . followed 40 minutes later by dimethyl-N- 
cyanodithioiminocarbonat (113 mg, 0.77 mol). The reaction mixture was refluxed under 
argon for 12 hours, poured on NH4CI-solution and extracted with TBME three times. The 
combined organic phases were dried over Na 2 S0 4l evaporated to dryness and purified via 
chromatography (Si0 2 , TBME/MeOH 100/0 to 98/2) to yield the title compound as a foam 
(150 mg, 60%). 

1H-NMR (400MHz; DMSO-d6): 1.27 (bs, 3H); 1.98 (bs, 1H); 2.12 (bs, 1H); 2.66 (bs, 3H); 
2.68 (bd, 1H); 2.84 (bd, 1H); 3,00 (bs, 1H); 3.45 (d, 1H); 3.55 (bd, 1H); 4.22 (bs, 1H); 4.55 
(bs, 1H); 7.18 (t, 2H); 7.28 (d, 1H); 7.36-7.53 (m, 5H); 8.03 (d, 1H); 10.42 (bs, 1H, NH). 

. • MS (m/z) ES+: 486.3 (M+, 100). 

Example 8: N-(4-Chloro-2-[(E)-3-[4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-3-oxopropenyl]- 
phenyl)-sulfonylurea 
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Formic acid (10 ^, 0.26 mmol; from a larger batch dried previously with B203 for 2 hours) in 
toluene (0.5 ml) was added dropwise to a solution of chlorosulfonyl-isocyanat (22 nl, 0.26 
mmol) in toluene (0.25 ml) under stirring. The mixture was left for 12 hours, heated to 40 0C 
for 5 minutes, then cooled to 0 °C before (E)-3-(2-amino-4-chlorophenyl)-1-[4-(4- 
fluorobenzyl)-2-methylpiperazin-1-yll-propenone (200 mg, 0.51 mmol)(racemic; prepared in 
analogy to the R-enantiomer above from racemic 1-(4-fluorobenzyl) -3-methylpiperazin 
(Bolos, Jordi et al. J.Med.Chem. (1996), 39(15). 2962-2970) was added in toluene (0.5 ml) 
followed by 1N NaOH (0.26 ml; 0.26 mmol). The reaction mixture was stirred at 0 °C for 1 
hour, poured on water and extracted with TBME three times. The combined organic phases 
were dried over Na 2 S0 4 , evaporated and purified via chromatography (preparative HPLC, 
XTerra, RP18, 7[sm, acetonitrile/water followed by Si0 2 on EtOAc/hexanes 8/2 to 10/0) to 
yield a colorless glass, which was recrystallised from TBME/hexanes to deliver the title 
compound as colorless crystals (19 mg; 16%). 

1H-NMR (400MHz; DMSO-d6): 1.28 (bs, 3H); 1.88-2.16 (bm, 2H); 2.68 (d, 1H); 2.83 (d, 1H); 
2.97 (bs, 1H); 3.43 (d, 1H); 3.55 (d, 1H); 4.20 (bd, 1H); 4.55 (bd, 1H); 7.13 (d, 1H); 7.16 (bs, 
2H, NH2); 7.18 (t, 2H); 7.28 (d, 1H); 7.39 (dd, 2H); 7.53 (d, 1H); 7.81 (d, 1H); 7.90 (d, 1H); 
9.30 (bs, 1H, NH). 

MS (m/z) ES+: 467.2 (MH+, 100). 

Example 9: (5-Chloro-2-[(E)-3-[(2R,5S)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin^1-yll-3- 
oxopropenyl]-phenyl)-urea 



a) (5-Chloro-2-[(E)-3-[(2R,5S)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin-1-yl]-3- 
oxopropenyl]-phenyl)-carbamic acid tert-butyl ester 
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(E)-3-(2-tert-Butoxycarbonylamino-4-chloropheny!)-acrylic acid (595 mg, 2.0 mmol) and 
(2S,5R)-1-(4-fluoroberizyl)-2,5-dimethylpiperazine (Mavunkel, Babu J. et al., WO 00/71535) 
(445 mg, 2.0 mmol) were dissolved in CH 2 CI 2 , combined with EDCI.HCI (384 mg, 2.0 mmol) 
and stirred for 3 hours at room temperature. The reaction mixture was purified via 
chromatography (SiO z , EtOAc/hexanes 2/8) to yield the title compound as a colorless foam 
(830 mg, 81%). 

1H-NMR (400MHz; DMSO-d6): 0.95 (bs, 3H); 1.25 (bs, 3H); 1.50 (s, 9H); 2.30 (m, 1H); 
2.55-2.80 (bm, 2H); 3.05 (bs, 1H); 3.45 (bd. 1H); 3.64 (bd, 1H); 4.05 (bs, 1H); 4.55 (bs, 1H); 
7.09-7.20 (m, 3H); 7.15 (dd, 1H); 7.39-7.42 (m, 2H); 7.45 (bs, 1H); 7.66 (d, 1H); 7.89 (d, 1H); 
9.25 (bs, 1H, NH). 

MS (m/z) ES+: 502.3 (MH+, 100); 446.2 (90). 

b) (E)-3-(2-Amino-4-chlorophenyl)-1-[(2R,5S)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin- 
1-yl]-propenone 




(5-Chloro-2-[(E)-3-[(2R,5S)-4-(4-fluoroberEyl)-2,5-dimethylpiperazin-1-yll-3-oxopropenyn- 
phenyl)-carbamic acid tert-butyl ester (830 mg, 1.65 mmol) was dissolved in EtOH (7 ml) and 
treated with HCIconc (7 ml) for 30 minutes at room temperature. The reaction mixture was 
poured on a saturated solution of Na 2 C0 3 and extracted with EtOAc twice. The combined 
organic phases were dried over Na 2 S0 4 , evaporated to dryness and purified via 
chromatography (Si0 2 , EtOAc/hexanes 7/3 to 6/4) to yield the title compound as a foam (600 
mg, 90%). 
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1H-NMR (400MHz; DMSO-d6): 0.95 (bd, 3H); 1.23 (bd, 3H); 2.25 (d, 1H); 2.55-2.70 (m, 2H); 
3.03 (bs, 1H); 3.45 (d, 1H); 3.63 (d, 1H); 4.05 bs, 1H); 4.55 (bs, 1H); 5.73 (s, 2H, NH2); 6.57 
(dd, 1H); 6.75 (d, 1H); 6.97 (d, 1H); 7.18 (t, 2H); 7.41 (dd, 2H); 7.53 (d, 1H); 7.68 (d, 1H). 

MS (m/z) ES+: 402.2 (MH+, 100). 
[a]D = -100.2 °; c = 1.0 in MeOH. 



Example 1 0: (5-Chloro-2-[(E)-3-[(2R,5S)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin-1 -yl]-3- 
oxopropenyl]-phenyl)-urea 



(E)-3-(2-AmincMR:hlorophenyl)-1-[(2R,5S)-4-(4-fluoro^ 

propenone (101 mg, 0.25 mmol) and NaOCN (34 mg, 0.504 mmol) were stirred in HOAc (5 
ml) and water (10 ml) for 3 hours at room temperature. The reaction mixture was poured on 
saturated Na 2 C0 3 solution and extracted with EtOAc twice. The combined organic phases 
were dried over NajjSCX,, evaporated to dryness and purified via chromatography (Si0 2 , 
TBME/MeOH/NH 3 conc 97/2.7/0.5) to yield the title compound as colorless crystals (60 mg, 
54%). 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.01 (d, 3H); 1.30 (d, 3H); 2.33 (dd, 1H); 2.78 (dd, 
1H); 3.05 (m, 1H); 3.41 (dd, 1H); 3.51 (d, 1H); 3.66 (d, 1H); 4.00 (d, 1H); 4.52 (bm, 1H); 5.86 
(bs, 2H, NH2); 7.00 (d, 1H); 7.05-7.14 (m, 3H); 7.41 (dd, 2H); 7.66 (d, 1H); 7.68 (d, 1H); 7.93 
(d, 1H); 8.07 (bs, 1H, NH). 

MS (m/z) ESI+: 445.2 (MH+, 100). 

[a]D = -85.4 °; c = 0.5 in MeOH. 
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Example 11: N-(5-Chloro-2-[(E)-3-[(2R,5S)-4-(4-fluo^ 
oxopropenyQ- phenyl)- acetamide 




(E)-3-(2-Amino-4-chlorophenyl)-1-[(2R l 5S)-4-(4-fluorobenzyl)-2>dimethylpipera-zln-1-yl]- 
propenone (101 mg, 0.25 mmol), NEt 3 (252 mg, 2.5 mmol) and AczO (225 mg, 2.5 mmol) 
were refluxed in THF (5 ml) for 5 hours. The reaction mixture was evaporated to dryness and 
purified via chromatography (Si0 2 , TBME/MeOH/NH 3 97/2.7/0.3) to yield the title compound 
as a yellowish foam (100 mg. 90%). 

1H-NMR (400MHz; DMSO-d6): 0.95 (bs, 3H); 1.28 (bs 3H); 2.12 (s, 3H); 2.28 (d, 1H); 2.64 
(bs, 1H); 3.05(bs, 1H); 3.30 (bs, 1H); 3.50 (d, 1H); 3.65 (d, 1H); 4.05 (bs, 1H); 4.60 (bs, 1H); 
7.18 (t, 3H); 7.30 (dd, 1H); 7.42 (dd, 2H); 7.60 (d, 1H); 7.68 (d, 1H); 7.94 (d, 1H); 9.92 (s, 
1H, NH). 

MS (mfe) ES+: 444.2 (MH+, 100). 
[<x]D = -87.0 °; c = 0.5 in MeOH. 

Example 12: N-(5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fluorobenzyl)-2,5-dimethyl-piperazin-1-yl]-3- 
oxopropenyl]-phenyl)- acetamide 



a) (5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin-1-yl]-3- 
oxopropenyl]-phenyl)-carbamic acid tert-butyl ester 
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(E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acrylic acid (595 mg, 2.0 mmol) and 
(2R,5S)-1-(4-fluorobenzyl)-2,5-dimethylpiperazine (Mavunkel, Babu J. et al., WO 00/71535) 
(445 mg, 2.0 mmol) were dissolved in CH 2 CI 2 , combined with EDCI.HCI (384 mg, 2.0 mmol) 
and stirred for 3 hours at room temperature. The reaction mixture was purified via 
chromatography (Si0 2 , EtOAc/hexanes 2/8) to yield the titie compound as a colorless foam 
(840mg,81%). 

1H-NMR (400MHz; DMSO-d6): 0.95 (bs, 3H); 1.25 (bs, 3H); 1.50 (s, 9H); 2.30 (m, 1H); 
2.55-2.80 (bm, 2H); 3.05 (bs, 1H); 3.45 (bd, 1H); 3.64 (bd, 1H); 4.05 (bs, 1H); 4.55 (bs, 1H); 
7.09-7.20 (m, 3H); 7.15 (dd, 1H); 7.39-7.42 (m, 2H); 7.45 (bs, 1H); 7.66 (d, 1H); 7.89 (d, 1H); 
9.25 (bs, 1H, NH). 

MS (m/z) ES+: 502.2 (MH+, 100); 446 (80). 
[a]D = +73.0 °; c = 1 .0 in MeOH. 

b) (E)-3-(2-Amino-4-chlorophenyl)-1-t(2S,5R)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin- 
1-yl]-propenone 




(5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fluorobenzyl)-2,5-dimethylpiperazin-1-yl]-3-oxo-propenyl]- 
phenyl)-carbamic acid tert-butyl ester (830 mg, 1.65 mmol) was dissolved in EtOH (7 ml) and 
treated with HClconc (7 ml) for 30 minutes at room temperature. The reaction mixture was 
poured on a saturated solution of Na 2 C0 3 and extracted with EtOAc twice. The combined 
organic phases were dried over Na 2 S0 4 , evaporated to dryness and purified via 
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chromatography (Si0 2 , EtOAc/hexanes 7/3 to 6/4) to yield the title compound as a foam (580 

— ~ 0-70/ \ 

1H-NMR (400MHz; DMSO-d6): 0.95 (bd, 3H); 1.23 (bd, 3H); 2.25 (d, 1H); 2.55-2.70 (m, 2H); 
3.03 (bs, 1H); 3.45 (d, 1H); 3.63 (d, 1H); 4.05 bs, 1H); 4.55 (bs, 1H); 5.73 (s, 2H, NH2); 6.57 
(dd, 1H); 6.75 (d, 1H); 6.97 (d. 1H); 7.18 (t, 2H); 7.41 (dd, 2H); 7.53 (d, 1H); 7.68 (d, 1H). 

MS (m/z) ES+: 402.2 (MH+, 100). 
[a]D = +95.0 °; c = 1.0 in MeOH. 



c) N-(5-Chloro-2-[(E)-3-[(2S,5R)-4-(4-fIuorobenzyl)-2,5-dimethylpiperazin-1-yl]-3- 



oxopropenyl]-phenyl)- acetamide 




(E)-3-(2-Amino-4-chlorophenyl)-1-[(2S,5RM-(^ 

propenone (101 mg, 0.25 mmol), NEta (252 mg, 2.5 mmoi) and AczO (255 mg, 2.5 mmol) 
were refluxed in THF (5 ml) for 5 hours. The reaction mixture was evaporated to dryness and 
purified via chromatography (Si0 2 , TBME) to yield the title compound as a yellowish foam 
(100 mg. 90%). 

1H-NMR (400MHz; DMSO-d6): 0.95 (bs, 3H); 1.28 (bs 3H); 2.12 (s, 3H); 2.28 (d, 1H); 2.64 
(bs, 1H); 3.05(bs, 1H); 3.30 (bs, 1H); 3.50 (d, 1H); 3.65 (d, 1H); 4.05 (bs, 1H); 4.60 (bs, 1H); 
7.18 (t, 3H); 7.30 (dd, 1H); 7.42 (dd, 2H); 7.60 (d, 1H); 7.68 (d, 1H); 7.94 (d, 1H); 9.92 (s, 
1H, NH). 

MS (m/z) ES+: 444.2 (MH+, 1 00). 



[a]D = +87.0 °; c = 0.5 in MeOH. 
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Example 10: v^-^<»^i*- r *^"u^"^"tv^^i^ 1 
oxopropenyl]-phenyl)-urea 




cr 




v 




.F 



(E)-3-(2-Amino-4-chlorophenyl)-1-[(2S,5R)-4-(4-flu^^^ 

propenone (101 mg, 0.25 mmol) and NaOCN (34 mg, 0.504 mmol) were stirred in HOAc (5 
ml) and water (10 ml) for 3 hours at room temperature. The reaction mixture was poured on 
saturated Na 2 C0 3 solution and extracted with EtOAc twice. The combined organic phases 
were dried over Na 2 S0 4 . evaporated to dryness and purified via chromatography (Si0 2) 
TBME/MeOH/NH 3 conc 97/2.7/0.5) to yield the title compound as colorless crystals (80 mg, 
70%). 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.01 (d, 3H); 1.30 (d, 3H); 2.33 (dd, 1H); 2.78 (dd, 
1H); 3.05 (m, 1H); 3.41 (dd, 1H); 3.51 (d, 1H); 3.66 (d, 1H); 4.00 (d, 1H); 4.52 (bm, 1H); 5.86 
(bs, 2H, NH2); 7.00 (d, 1H); 7.05-7.14 (m, 3H); 7.41 (dd. 2H); 7.66 (d, 1H); 7.68 (d, 1H); 7.93 
(d, 1H); 8.07 (bs, 1H, NH). 

MS (m/z) ES: 445.2 (MH+, 100). 

[a]D = +86.2 °; c = 0.5 in MeOH. 

Example 1 4: N-(5-Chloro-2-[(E)-3-[-4-(4-fluorobenzyl)-piperazin-1 -yl]-3-oxopropenyI]-phenyl)- 
acetamide 

a) (5-Chloro-2-l(E)-3-[-4-(4-fluorobenzyl)-piperazin-1-yl]-3-oxopropenyl]-phenyl)- 
carbamic acid tert butyl ester 
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OH 



(E)-3-(2-tert-Butoxycarbonylamino-4-chlorophenyl)-acrylic acid (150 mg, 0.5 mmol), 1-(4- 
fluorobenzyl)-piperazine (98 mg, 0.5 mmol) and EDCI.HCI (96 mg, 0.5 mmol) were dissolved 
in CH 2 CI 2 and stirred at room temperature for 18 hours. The reaction mixture was purified via 
chromatography (Si0 2 , EtOAc) to yield the title compound as a white foam (150 mg, 63%). 

1H-NMR (400MHz; DMSO-d6): 1.48 (s, 9H); 2.38 (bd, 4H); 3.51 (s, 2H); 3.60 (bs, 2H); 3.71 
(bs , 2H); 7.13-7.21 (m, 3H); 7.26 (dd, 1H); 7.37 (d, 1H); 7.39 (d, 1H); 7.48 (bs, 1H); 7.64 (d, 
1H); 7.89 (d, 1H); 9.23 (s, 1H, NH). 

MS (m/z) ES-: 472.2 (M-H, 1 00). 

b) (E)-3-(2-Amino-4-chlorophenyl)-1 -[4-(4-fluorobenzyl)-piperazin-1 -yl]-propenone 



(5-Chloro-2-[(E)-3-[-4-(4-fluorobenzyl)-piperazin-1-yQ-3-oxopropenyl]-phenyl)-carbamic acid 
tert butyl ester (330 mg, 0.7 mmol) was dissolved in EtOH (7 ml) and treated with HCIconc (7 
ml) for 30 minutes at room temperature. The reaction mixture was poured on a saturated 
solution of Na 2 C0 3 and extracted with EtOAc twice. The combined organic phases were 
dried over Na2S0 4l evaporated to dryness to yield the title compound as a yellow foam (240 
mg 91%). 

1H-NMR (400MHz; DMSO-d6): 2.38 (bs, 4H); 3.51 (s, 2H); 3.59 (bs. 2H); 3.68 (bs, 2H); 5.75 
(s, 2H, NH2); 6.55 (dd, 1H); 6.73 (d, 1H); 7.00 (d, 1H); 7.18 (t, 2H); 7.38 (dd, 2H); 7.53 (d, 
1H); 7.64 (d,1H); 

MS (m/z) ES-: 372.2 (M-H, 100). 
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c) N-(5-Chloro-2-[(E)-3-I-4-(4-fIuorobenzyl)-piperazin-1-yl]-3-oxopropenyll-phenyl)- 



(E)-3-(2-Amino-4-chlorophenyl)-1-[4-(4-fluorobenzyl)-piperazin-1-yl]-propenone (75 mg, 0.2 
mmol), NEt 3 (202 mg, 2.0 mmol) and AcaO (204 mg. 2.0 mmol) were refluxed in THF (4 ml) 
for 6 hours. The reaction mixture was evaporated to dryness and purified via 
chromatography (Si0 2 , EtOAc/MeOH/NH 3 conc 95/4.5/0.5) to yield the title compound as 
colorless crystals (40 mg. 48%). 

1 H-NMR (400MHz; DMSO-d6): 2.11 (s, 3H); 2.40 (bs, 4H); 3.53 (s, 2H); 3.60 (bs, 2H); 3.70 
(bs, 2H); 7.15-7.25 (m, 3H); 7.30 (dd, 1H); 7.38 (dd, 2H); 7.58 (d, 1H); 7.62 (d, 1H); 7.92 (d, 
1H); 9.89 (s, 1H, NH). 

MS (m/z) ES+: 416.2 (MH+, 100). 

Example 1 5: (5-Chloro-2-[(E)-3-[-4-(4-fluorobenzyl)-piperazin-1 -yl]-3-oxopropenyl]-phenyl)- 
urea 



(E)-3-(2-Amino-4-chlorophenyl)-1 -[4-(4-fluorobenzyl)-piperazin-1 -yl]-propenone (80 mg, 
0.215 mmol) and NaOCN (29 mg, 0.43 mmol) were stirred in HOAc (5 ml) and water (10 ml) 
for 2 hours at room temperature. The reaction mixture was poured on 2N NaOH and 
extracted with EtOAc twice. The combined organic phases were dried over Na 2 S0 4 , 



acetamide 
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evaporated to dryness and purified via chromatography (SiO z , EtOAc/MeOH/NH 3 co^ 

95/4.5/0.5> to vield the title eomnntinri as rnlr>rles« rrvstalc (Aft mn sno/.\ 

• " * * " ' * \ «?* • 

1H-NMR (400MHz; DMSO-d6): 2.40 (m, 4H); 3.52 (s. 2H); 3.60 (s, 2H); 3.70 (s, 2H); 6.26 (s, 
2H, NH2); 7.08 (dd, 1H); 7.13-7.20 (m, 3H); 7.36 (dd, 2H); 7.68 (d, 1H); 7.78 (d, 1H); 7.97 
(d, 1H); 8.41 (s, 1H, NH). 

MS (m/z) ES+: 417.2 (MH+, 100). 



Example 1 6: (E)-3-[4-Chloro-2-(4-hydroxy-1 -methylpiperidin-4-ylethynyl)-phenyl]-1 -[(R)-4-(4- 
fluorobenzyl)-2-methylpiperazin-1-y!]-propenone 

a) (E)-3-(2-Bromo-4-chlorophenyl)-acrylic acid methyl ester 



2-Bromo-4-chlorobenzaldehyde (Boegesoe, Klaus P. et al ., J. Med. Chem. (1983), 26(7), 
935-47) (6.3g, 28.7mmol) and methoxycarbonylmethylenetriphenylphosphor-ane (10.5 g, 
31.6 mmol) were refluxed in toluene (143 ml) for 1 hour. The reaction mixture was cooled 
and purified via chromatography (Si0 2 , acetone/hexanes 5/95) to yield the title compound as 
colorless crystals (4.8 g, 61%). 

1H-NMR (400MHz; DMSO-d6): 3.50 (s, 3H); 6.48 (d, 1H); 7.30 (d, 1H); 7.60 (d, 1H); 7.65 
(d, 1H); 7.72 (d, 1H). 

MS (m/z) El: 276 (M+, 20); 245 (20); 195 (100); 136 (55), 99 (50), 74 (80). 
b) (E)-3-(2-Bromo-4-chlorophenyl)-acrylic acid 
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(E)-3-(2-5roii.o-4-o;i;oroph5r.y:)-acry::c sc:d rr.sthy! ester (6.8 «. I 7 4 mmnl ) was dissolved in 
MeOH (175 ml) and treated with 2N NaOH (13 ml; 26 mmol) and water (87 ml) for 1 hour at 
50 °C. The mixture was acidified with 2N HCI (15 ml) and extracted with TBME twice. The 
combined organic phases were dried over Na 2 S0 4 and evporated to dryness to yield the title 
compound as a solid, which was recrystallised from TBME/hexanes to yield the title 
compound as colorless crystals (4.4 g, 90%). 

1H-NMR (400MHz; DMSO-d6): 6.62 (d, 1H); 7.55 (dd, 1H); 7.80 (d, 1H); 7.90 (d, 1H); 7.95 
(d, 1H); 12.8 (bs, 1H). 



MS (m/z) ES-: 261 (M-H, 100). 



(E)-3-(2-Bromo-4-chlorophenyl)-1-[(R))-4-(4-fluorobenzyl)-2-methylpiperazin-1- 
yl]propenone 

(E)-3-(2-Bromo-4-chlorophenyl)-acryl«c acid (3.9 g, 15 mmol) and EDCI.HCI (2.87 g, 15 
mmol) and (R)-1-(4-fluorobenzyl)-3-methylpiperazine (Hilger, Christoph-Stephan et al., WO 
0236581) (3.12 g, 15 mmol) were dissolved in CH 2 CI 2 (150 ml) and stirred at room 
temperature for 18 hours. The reaction mixture was purified via chromatography (Si02, 
EtOAc/hexanes 3/7) to yield the title compound as yellowish crystals (5.3 g, 78%). 

1 H-NMR (400MHz; DMSO-d6): 1.26 (bs, 3H); 1.86-2.20 (bd, 2H); 2.65 (d, 1H); 2.82 (d, 1H); 
2.98 (d, 1H); 3.42 (d, 1H); 3.53 (d, 1H); 4.08-4.20 (bd, 1H); 4.43-4.68 (bd, 1H); 7.17 (t, 2H); 
7.28 (d, 1H); 7.37 (dd, 2H); 7.53 (dd, 1H); 7.70 (d, 1H); 7.83 (d, 1H); 8.03 (d, 1H); 




MS (m/z) AP+: 453.1 (100); 451.1 (MH+, 80). 
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d) (E)-3-[4-Chloro-2-(4-hydroxy-1-methylpiperidin-4-ylethynyl)-phenyl]-1 -[(R)-4-(4- ^ 





II 



(E)-3-(2-Bromo-4-chlorophenyl)-1-[(R) )-4-(4-fluorobenzyl)-2-methylpjperazin-1-yllpropenone 
(200 mg; 0.44 mmol) was dissolved in diglyme (1.5 ml), PdCI2(PPh3)2 (62 mg; 0.088 mmol) 
and DIPEA (2 ml) added, followed by 4-ethynyl-1-methylpiperidin-4-ol (Exploratory Library; 
124 mg; 0.88 mmol), Cul (68 mg; 0.35 mmol) and CS2CO3 (290 mg; 0.88 mmol) and heated 
to 130 °C for 25 minutes. The reaction mixture was evaporated, taken up in TBME, filtered 
and purified via chromatography (Si0 2 ; TBME/MeOH/NH 3 conc 95/5/0.5) to yield 230 mg of a 
yellow foam, which was further purified via preparative HPLC (XTerra, RP18, 7(im, 
acetonitrile/water) to deliver the title compound (175 mg; 78%) as a slightly yellow foam. 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.32 (d, 3H); 1.84 (bt, 2H); 1.94 (bd, 2H); 2.08 (bt, 
1H); 2.22 (bd, 1H); 2.24 (s, 3H); 2.38 (bt 2H); 2.60 (bs, 2H); 2.70 (bd, 1H); 2.85 (bd, 1H); 
3.20 (bt, 1H); 3.47 (d, 1H); 3.56 (d, 1H); 4.13 (bd, 1H); 4.54 (bs, 1H); 5.06 (bs, 1H, OH); 7.12 
(t, 2H); 7.20 (d, 1H); 7.38 (bt, 2H); 7.43 (bs, 1H); 7.47 (d, 1H); 7.79 (d, 1H); 7.81 (bs, 1H). 

MS (m/z) ES+: 510.3 (MH+, 100). 
[ct]D = -50.1 °; c = 0.5 in MeOH. 

Example 17: (E)-3-I4-Chloro-2-(4-hydroxy-1-methylpiperidin-4-ylethynyl)-phenyI]-1-[(S)-4-(4- 
fluorobenzyI)-2-methylpiperazin-1-yl]-propenone 




■F 
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Was prepared in analogy to the R-Aoaotiomer ahova anrl yialriaH the title o-Orppour.d 2S 2 

yellow foam (88 mg, 78%). 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.32 (d, 3H); 1.84 (bt, 2H); 1.94 (bd, 2H); 2.08 (bt, 
1H); 2.22 (bd, 1H); 2.24 (s, 3H); 2.38 (bt 2H); 2.60 (bs, 2H); 2.70 (bd, 1H); 2.85 (bd, 1H); 
3.20 (bt, 1H); 3.47 (d, 1H); 3.56 (d, 1H); 4.13 (bd, 1H); 4.54 (bs, 1H); 5.06 (bs, 1H, OH); 7.12 
(t, 2H); 7.20 (d, 1H); 7.38 (bt, 2H); 7.43 (bs, 1H); 7.47 (d, 1H); 7.79 (d, 1H); 7.81 (bs, 1H). 

MS (m/z) ES+: 510.3 (MH+, 100). 

[ot]D = +53.3 °; c = 0.5 in MeOH. 



Example 1 8: (E)-3-[4-Chloro-2-[(E)-2-(4-hydroxy-1 -methylpiperidin-4-yl)-vinyl]-phenyl]-1 -[(R)- 
4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 

a) 1-Methyl-4-((E)-2-tributylstannanyl-vinyl)-piperidin-4-ol 



4-Ethynyl-1-methylpiperidin-4-ol (Exploratory Library; 3.34 g; 24 mmol) and PdCI 2 (PPh 3 ) 2 
(337 mg; 0.48 mmol) were dissolved and stirred in THF (100 ml), cooled in a water bath to 
18 0C, while Bu3SnH (7.6 ml; 28.8 mmol) was added dropwise within 3 minutes. The 
reaction mixture was stirred at room temperature for 4 hours, poured directly on a column of 
Si0 2 and chromatographed (EtOAc/MeOH/NH 3 95/5/0.5) to deliver the title compound as a 
greenish oil (3.45 g; 33%). 

1H-NMR (400MHz; DMSO-d6): 0.88 (m, 15H); 1.30 (m, 6H); 1.40 (m, 2H); 1.50 (m, 6H); 
1.60 (m, 2H); 2.15 (s, 3H); 2.27 (bt, 2H); 2.40 (m, 2H); 4.33 (s, 1H, OH); 6.03 (d, 1H); 6.11 
(d, 1H).. 
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MS (m/z) ES+: 432 (MH+, 100). 



b) (E)-3-[4-Chloro-2-[(E)-2-(4-hydroxy-1-methylpiperidin-4-yl)-vinyl]-phenyl]-1-[(R)-4-(4- 
fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 




(E)-3-(2-Bromo-4-chlorophenyl)-1-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-y0propenon 
(200 mg; 0.44 mmol) and 1-methyl-4-((E)-2-tributylstannanyl-vinyl)-piperidin-4-ol (370 mg, 
0.88 mmol) were dissolved in diglyme (5 ml) and heated to 140 °C. Pd(OAc) 2 (400 mg; 1.77 
mmol) was dissolved in diglyme (26 ml) and added dropwise under stirring within 15 
minutes. The reaction mixture was heated at 140 °C for 5 minutes, filtered, evaporated and 
purified via chromatography (Si0 2 ; TBME/MeOH/NH 3 conc 90/10/1 to 80/20/2) to yield 230 
mg of a brown foam, which was further purified via preparative HPLC (XTerra, RP18, 7nm, 
acetonitrile/water) to deliver the title compound (43 mg; 19%) as a slightly yellow foam. 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.32 (d, 3H); 1.62 (bd, 2H); 1.78 (bt, 2H); 2.08 (bt, 
1H); 2.21 (bd, 1H); 2.22 (s, 3H); 2.40-2.51 (m, 4H); 2.70 (bd, 1H); 2.86 (bd, 1H); 3.21 (bt, 
1H); 3.48 (d, 1H); 3.57 (d, 1H); 4.14 (bd, 1H); 4.16 (bs, 1H, OH); 4.53 (bs, 1H); 6.29 (d, 1H); 
6.87 (d, 1H); 6.94 (d, 1H); 7.12 (t, 2H); 7.28 (dd, 1H); 7.39 (dd, 2H); 7.48 (d, 1H); 7.66 (d, 
1H); 7.71 (d, 1H). 

MS (m/z) ES+: 512.3 (MH+, 100). 

[cc]D = -48.0 °; c = 0.5 in MeOH. 

Example 19: (E)-3-[4-Chloro-2-[(E)-2-(4-hydroxy-1-methylpiperidin-4-yl)-vinyl]-phenyl]-1-[(S)- 
4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 
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r*i 





Was prepared and purified in analogy to the R-enantiomer above and yielded the title 
compound as a yellow foam (49 mg, 29%). 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.32 (d, 3H); 1.62 (bd, 2H); 1.78 (bt, 2H); 2.08 (bt, 
1H); 2.21 (bd, 1H); 2.22 (s, 3H); 2.40-2.51 (m, 4H); 2.70 (bd, 1H); 2.86 (bd, 1H); 3.21 (bt, 
1H); 3.48 (d, 1H); 3.57 (d, 1H); 4.14 (bd, 1H); 4.16 (bs, 1H, OH); 4.53 (bs, 1H); 6.29 (d, 1H); 
6.87 (d, 1H); 6.94 (d, 1H); 7.12 (t, 2H); 7.28 (dd, 1H); 7.39 (dd, 2H); 7.48 (d, 1H); 7.66 (d, 
1H); 7.71 (d, 1H). 

MS (m/z) ES+: 512.3 (MH+, 100). 
[<x]D = +47.4 °; c = 0.5 in MeOH. 

Example 20: 4-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3- 
oxopropenyl]-phenylethynyl)-4-hydroxypiperidine-1-carboxylic acid tert butyl ester 




(E)-3-(2-Bromo-4-chlorophenyl)-1 -[(R) )-4-(4-fluorobenzyI)-2-methylpiperazin-1 -yl]propenone 
(200 mg; 0.44 mmol) was dissolved in diglyme (1.5 ml), PdCI 2 (PPh 3 ) 2 (62 mg; 0.088 mmol) 
and DIPEA (2 ml) added, followed by 4-ethynyl-1-tert butoxycarbonylpiperidin-4-ol (Kath, 
John Charles et al., WO 0044728) (150 mg, 0.66 mmol), Cul (68 mg; 0.35 mmol) and 
Cs 2 C0 3 (290 mg; 0.88 mmol) and heated to 130 °C for 25 minutes. The reaction mixture was 
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evaporated, taken up in TBME, filtered and purified via chromatography (Si(^ 

acetone/hexanes 2/8 to 3/7) to yield 174 mn r>f a yAiinw-brown foam which wcc farther 
purified via preparative HPLC (XTerra, RP18, 7nm, acetonitrile/water) to deliver the title 
compound (106 mg; 39%) as a slightly yellow foam. 

1H-NMR (400MHz; DMSO-d6; 120 °C): 1.30 (d, 3H); 1.44 (s, 9H); 1.71-1.78 (m, 2H); 1.90- 
1.97 (m, 2H); 2.07 (bt, 1H); 2.22 (dd, 1H); 2.70 (bd, 1H); 2.82 (bd, 1H); 3.21 (bt, 1H); 2.28- 
3.37 (m, 2H); 3.48 (d, 1H); 3.56 (d, 1H); 3.63-3.71 (m, 2H); 4.14 (bd, 1H); 4.55 (bs, 1H); 5.34 
(s, 1H, OH); 7.12 (dd, 2H); 7.21 (d, 1H); 7.35-7.45 (m, 3H); 7.51 (d, 1H); 7.79 (d, 1H); 7.80 
(s, 1H); 

MS (m/z) ES+: 596.2 (MH+, 100). 
[cc]D = -42.6 °; c = 0.5 in MeOH. 



Example 21 : (E)-3-[4-Chloro-2-(4-hydroxypiperidin-4-ylethynyl)-phenyl]-1-[(R)-4-(4- 
fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 




4-(5-Chloro-2-[(E)-3-[(R)-4-(4-fluorobenzyl)-2-methylpipera2in-1-yl]-3-oxoprop-enyrj- 
phenylethynyl)-4-hydroxypiperidine-1-carboxylic acid tert butyl ester (80 mg, 0.13 mmol) was 
disolved in CH 2 CI 2 /TFA (4 ml; 1/1) and stirred at 0 °C for 30 minutes. The reaction mixture 
was evaporated, taken up in TBME and washed with 2N NaOH. The organic phase was 
dried over Na 2 S0 4 , filtered, evaporated and yielded the title compound as yellow foam (63 
mg, 95%). 

1H-NMR (400MHz; DMSO-d6): 1.25 (bs, 3H); 1.58 (bt, 2H); 1.85 (bd, 2H); 1.95 (bs, 1H); 
2.07 (bs, 1H); 2.61-2.72 (m, 3H); 2.79-2.90 (m, 3H); 3.31 (bs, 1H); 3.41 (d, 1H); 3.52 (d, 1H); 
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4.18 (bs, 1H); 4.56 (bs, 1H); 5.61 (s, 1H, OH); 7.16 (t, 2H); 7.33 (d, 1H); 7.38 (d, 1H); 7.46- 

-» rrr\ t *M_I\. -f AO /~l H U\* O f\f\ f*i A 

/ . v-»W £-1 l/| f .*>W \y» t • ■ «/j w.ww ^w., ••ay. 

MS (m/z) ES+: 496.2 (MH+, 100). 
[a]D = -47.7 °; c = 0.5 in MeOH. 

Example 22: (E)-3-[2-(3-Amino-3-methylbut-1 -ynyl-4-chlorophenyl]-1 -[(R)-4-(4-fluorobenzyl)- 
2-methylpiperazin-1 -yI]-propenone 




(E)-3-(2-Bromo-4-chlorophenyl)-1 -[(R) )-4-(4-fluorobenzyl)-2-methylpiperazln-1 -yljpropenone 
(200 mg; 0.44 tnmol) was dissolved in diglyme (1.5 ml), PdCI 2 (PPh 3 ) 2 (62 mg; 0.088 mmol) 
and DIPEA (2 ml) added, followed by 1,1-dimethylpropargyl-amine (0.5 ml, 4.4 mmol), Cul 
(68 mg; 0.35 mmol) and Cs 2 C0 3 (290 mg; 0.88 mmol) and heated to 130 °C for 25 minutes. 
The reaction mixture was evaporated, taken up in TBME, filtered and purified via 
chromatography (Si0 2 ; TBME/MeOH/NH 3 conc 95/5/5) to yield a yellow-brown foam, which 
was further purified via preparative HPLC (XTerra, RP18, 7nm, acetonitrile/water) to deliver 
the title compound (156 mg; 78%) as a slightly yellow foam. 

1H-NMR (400MHz; DMSO-d6): 1.23 (bs, 3H); 1.41 (s, 6H); 1.96 (bs, 1H); 2.07 (bs, 1H); 
2.14 (bs, 2H, NH2); 2.65 (bd, 1H); 2.82 (bd, 1H); 3.10 (m, 1H); 3.42 (d, 1H); 3.52 (d, 1H); 
4.20 (bs, 1H); 4.60 (bs, 1H); 7.17 (t, 2H); 7.31 (d, 1H); 7.38 (dd, 2H); 7.45 (m, 2H); 7.86 (d, 
1H); 7.98 (d, 1H). 

MS (m/z) ES+: 454.3 (MH+, 100). 



[a]D = -59.9 °; c = 0.5 in MeOH. 
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Example 23: (E)-3-[4-Chloro-2-(3-dimethylaminoprop-1-ynyl)-phenyl]-1-[4-(4-fluorobenzyl)-2- 
methy lpiperazin-1 -yl]-propenone 



(E)-3-(2-Bromo-4-chlorophenyl)-1-[4-(4-fluorobenzyl)-2-methylpipera2in-1-yl]-propenone 
(prepared in analogy to the R-enantlomer described above using racemic 1-(4-fluorobenzyl)- 
3-methylpiperazine (Bolos, Jordi et al. J.Med.Chem. (1996), 39(15), 2962-2970) (100 mg, 
2.2 mmol) was dissolved in diglyme (2.0 ml), PdCI 2 (PPh 3 )2 (31 mg; 0.044 mmol) and DIPEA 
(3 ml) added, followed by 1-dimethylamino-2-propyne (0.26 ml, 2.2 mmol), Cul (34 mg; 0.17 
mmol) and Cs 2 C0 3 (145.mg; 0.44 mmol) and heated to 130 °C for 30 minutes. The reaction 
mixture was evaporated, taken up in TBME, filtered and purified via chromatography (Si0 2 ; 
TBME/MeOH/NH 3 conc 97/3/0.3) to yield a yellow-brown foam, which was further purified via 
preparative HPLC (XTerra, RP18, 7nm, acetonitrile/water) to deliver the title compound (42 
mg; 42%) as colorless foam. 

1H-NMR (400MHz; DMSO-d6, 120 °C): 1.30 (d, 3H); 2.07 (dt, 1H); 2.20 (dd, 1H); 2.32 (s, 
6H); 2.70 (d, 1H); 2.85 (bd, 1H); 3.20 (dt, 1H); 3.48 (d, 1H); 3.55 (s, 2H); 3.57 (d, 1H); 4.13 
(bd, 1H); 4.53 (bs, 1H); 7.12 (t, 2H); 7.19 (d, 1H); 7.35-7.45 (m, 3H); 7.50 (d, 1H); 7.80 (d, 
1H); 7.83 (s, 1H); 

MS (m/z) ES+: 454.3 (MH+, 100). 

Example 24: (E)-3-[4-Chloro-2-(3-hydroxy-3-methylbut-1 -ynyl)-phenyl]-1 -[4-(4-fluorobenzyl)- 
2-methylpiperazin-1 -yl]-propenone 





HO. 



a- 
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(prepared in analogy to the R-enantiomer described above using racemic 1-(4-fluorobenzyl)- 
3-methylpiperazine (Bolos, Jordi et al. J.Med.Chem. (1996), 39(15), 2962-2970) (100 mg, 
2.2 mmol) was dissolved in diglyme (2.0 ml), PdCI 2 (PPh 3 ) 2 (31 mg; 0.044 mmol) and DIPEA 
(3 ml) added, followed by 2-methyl-3-butyn-2-ol (0.22 ml, 2.6 mmol), Cul (34 mg; 0.17 mmol) 
and CS2CO3 (145 mg; 0.44 mmol) and heated to 130 °C for 15 minutes. The reaction mixture 
was taken up in TBME, filtered and purified via chromatography (Si0 2 ; TBME/hexanes 1/1 to 
1/0; followed by a second column with acetone/hexanes 3/7) to yield the title compound as 
colorless foam (60 mg, 60%). 

1H-NMR (400MHz; DMSO-d6): 1.27 (bs, 3H); 1.52 (s, 6H); 1.97 (bs, 1H); 2.12 (bs, 1H); 2.68 
(d, 1H); 2.83 (d, 1H); 3.00 (bs, 1H); 3.45 (d, 1H); 3.54 (d, 1H); 4.20 (bs, 1H); 4.59 (bs, 1H); 
5.59 (d, 1H, OH); 7.18 (t, 2H); 7.33-7.41 (m, 3H); 7.48-7.51 (m. 2H); 7.87 (d, 1H); 8.00 (d, 
1H). 

MS (m/z) ES+: 455.3 (MH+, 50); 437.3 (100). 

Example 25: N-(3-[(E)-3-[(R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyll- 
naphthalen-2-yl)-acetamide 

a) (E)-3-(Nitronaphthalen-2-yl)-acrylic acid methyl ester 



3-N'rtronaphthalene-2-carbaldehyde (Kienzle, Frank. Helv. Chim. Acta (1980), 63(8), 2364- 
9.) (1.3 g; 6.46 mmol) and methoxycarbonylmethylenetriphenylphosphorane (2.37 g, 7.1 
mmol) were refluxed in toluene (32 ml) for 1 hour. The reaction mixture was purified via 
chromatography (SiOa, acetone/hexanes 10/90) to yield the title compound as colorless 
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crystals, which were recrystallised from TBME/hexanes to yield the title compound (1.3 £ 

i u /o;. 

MS (m/z) El: 257 (M+, 15); 211 (100; 180 (20); 139 (25); 115 (40). 

b) (E)-3-(Nitronaphthalen-2-yl)-acrylic acid 
°Y°" o 

(E)-3-(Nitronaphthalen-2-yl)-acrylic acid methyl ester (1.3 g, 5.05 mmol) was dissolved in 
MeOH (50 ml) and treated with 2N NaOH (3.8 ml; 7.6 mmol) and water (25 ml) for 1 hour at 
50 °C. The mixture was acidified with 2N HCI (4.2 ml; 8.33 mmol), water (100 ml) added and 
filtered to render the desired acid as yellow crystals (1 .05 g; 80%). 

1H-NMR (400MHz; DMSO-d6): 6.61 (d, 1H); 7.72-7.82 (m, 2H); 7.98 (d, 1H); 8.13 (d, 1H); 
8.22 (d, 1H); 8.53 (s, 1H); 8.85 (s, 1H); 12.80 (s, 1H). 

MS (m/z) El: 243 (M+, 20); 197 (100); 170 (10); 152 (20); 115 (40). 



c) (E)-1-[(R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yl]-3-(3-nitronaphthalen-2-yO 
propenone 



<XXf 

(E)-3-(Nitronaphthalen-2-yl)-acrylic acid (900 mg, 3.7 mmol) and EDCI.HCI (710 mg, 3.7 
mmol) and (R)-1-(4-fluorobenzyl)-3-methylpiperazine (Hilger, Christoph-Stephan et al., WO 
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0236581) (770 mg, 3.7 mmol) were dissolved in DMF (18 ml) and stirred at room 
temperature for 3 hours. The reauiion rr.ixturs v.«c pcured on water and extr?/*«H with 
EtOAc three times. The combined organic phases were dried over NaaSCv,, filtered and 
evaporated to dryness and purified via chromatography (Si0 2 , TBME) to yield the title 
compound as yellow foam (1.1 g, 69%). 

1H-NMR (400MHz; DMSO-d6): 1.20-1.38 (bs, 3H); 1.88-2.22 (bs, 2H); 2.67 (d. 1H); 2.85 (d, 
1H); 3.00 (bs, 1H); 3.42 (d, 1H); 3.53 (d, 1H); 4.23 (bs, 1H); 4.61 (bs, 1H); 7.17 (t, 2H); 7.30 
(d, 1H); 7.38 (dd, 2H); 7.73 (t, 1H); 7.77 (d, 1H); 7.83 (d, 1H); 8.10 (d, 1H); 8.20 (d, 1H); 
8.55 (s,1H); 8.80 (s,1H). 

MS (m/z) ES+: 434 (MH+, 100), 257 (20). 

d) (E)-3-(3-Aminonaphthalen-2-yl)-1-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1- 
yljpropenone 



(E)-1-[(R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yl]-3-(3-nitronaphthalen-2-yl)-propenone 
(1.1 g 2.55 mmol) dissolved in EtOH (26 ml) and HCIconc (2.6 ml) was treated with SnCI2 
(2.42 g, 12.75 mmol) for 5 minutes at 50 °C. The reaction mixture was poured on 2N Na 2 C0 3 
and extracted with TBME three times. The combined organic phases were dried over 
Na 2 S0 4 , filtered and evaporated to dryness and purified via chromatography (Si0 2 , 
TBME/MeOH/NH 3 conc 95/4.5/0.5) to yield the title compound as yellow foam (850 mg, 82%). 

1H-NMR (400MHz; DMSO-d6): 1.20-1.38 (bs, 3H); 1.88-2.22 (bs, 2H); 2.67 (d, 1H); 2.85 (d, 
1H); 3.00 (bs. 1H); 3.42 (d, 1H); 3.53 (d, 1H); 4.23 (bs, 1H); 4.61 (bs, 1H); 7.17 (t, 2H); 7.30 
(d, 1H); 7.38 (dd, 2H); 7.73 (t, 1H); 7.77 (d, 1H); 7.83 (d, 1H); 8.10 (d, 1H); 8.20 (d, 1H); 
8.55 (s, 1H); 8.80 (s, 1H). 




MS (m/z) ES+: 404.2 (MH+, 100). 
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naphtha!en-2-yl)-acetamide 





OXr f 



CuO" 



(E)-3-(3-Aminonaphthalen-2-yl)-1-[(R)-4-(4-fluoro^ 

(101 mg, 0.25 mmol), HEt z (252 mg, 2.5 mmol) and ApaO (255 mg, 2.5 mmoO were refluxed 
in THF (5 ml) for 18 hours. The reaction mixture was evaporated to dryness and purified via 
chromatography (Si0 2 , TBME/MeOH/NH 3 conc 95/4.5/0.5) to yield the title compound as 
colorless foam (30 mg. 27%). 

1H-NMR (400MHz; DMSO-d6): 1.30 (bs, 3H); 1.95 (bs, 1H); 2.10 (bs, 1H); 2.15 (s, 3H); 
2.68 (bd, 1H); 2.84 (bd, 1H); 3.25 (m, 1H); 3.42 (bd, 1H); 3.55 (bd, 1H); 4.25 (bs, 
1H); 4.63 (bs, 1H); 7.15 (t, 2H); 7.29 (d, 1H); 7.48 (dd, 2H); 7.50 (m, 2H); 7.77 (d, 
1H); 7.83 (bd , 1H); 7.92 (m, 2H); 8.44 (s, 1H); 9.87 (s, 1H, NH). 



MS (m/z) ES+: 446.2 (MH+, 100). 
[cc]D = -52.3 °; c = 0.5 in MeOH. 



Example 26: (3-[(E)-3-[(R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]- 
naphthalen-2-yl)-urea 





X. 



Case 4-32743P1 



-55- 



(E)-3-(3-Aminonaphthalen-2-yl)-1-[(R)-4-(4-fluorobenzyl)-2-methylpiperaz!n-1-yl]-prop 
(101 mg, 0.25 mmol) and NaOCN (34 mg, 0.5 mmol) were stirred in HOAc (5 ml) and water 
(10 ml) for 15 minutes at room temperature. The reaction mixture was poured on 2N NaOH 
and extracted with EtOAc twice. The combined organic phases were dried over Na 2 S0 4 , 
evaporated to dryness and purified via chromatography (Si0 2 , TBME/MeOH/NH 3 conc 
95/4.5/0.5) to yield the title compound as colorless foam (70 mg, 62%). 

1H-NMR (400MHz; DMSO-d6): 1.20-1.38 (m, 3H); 1.88-2.21 (m, 2H); 2.68 (d, 1H); 2.86 (d, 
1H); 3.35 (bs, 1H); 3.45 (d, 1H); 3.53 (d, 1H); 4.25 (bd, 1H); 4.60 (bd, 1H); 6.13 (s, 2H, 
NH2); 7.16 (t, 2H); 7.27 (d, 1H); 7.34-7.47 (m, 4H); 7.73-7.86 (m, 3H); 8.20 (s, 1H); 8.26 (s, 
1H);8.30(s, 1H). 

MS (m/z) ES+: 447.2 (MH+, 100). 

[a]D = -57.2 °; c = 0.5 in MeOH. 



Example 27: N-(3-[(E)-3-[(R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]- 
naphthalen-2-yl)-N'-cyanoguanidine 



(E)-3-(3-Aminonaphthalen-2-yl)-1-[(R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-propenone 
(120 mg, 0.30 mmol) and NaN(CN) 2 (178 mg, 2 mmol) were heated to reflux in 
ethoxyethanol (3 ml). 2N HCI (1 ml) was added dropwise within 5 minutes and the reaction 
mixture refluxed for another 5 minutes. The reaction mixture was poured on a saturated 
solution of Na 2 C0 3 and extracted with EtOAc twice. The combined organic phases were 
dried over Na 2 S0 4 , evaporated to dryness and purified via chromatography (Si0 2 , 
TBME/MeOH/NH 3 conc 95/4.5/0.5) to yield the title compound as yellow crystals (30 mg, 
22%). 
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1H-NMR (400MHz; DMSO-d6): 1.30 (bs, 3H); 2.00 (bs, 1H); 2.12 (bs, 1H); 2.68 (bdQ 
1H); 2.86 (bd. 1H); 2.98 (bs, 1H); 3.43 (bd, 1H); 3.55 (bd, 1H); 4.23 (bs, 1H); 4.60 
(bs, 1H); 7.05 (s, 2H, NH2); 7.17 (t, 2H); 7.32 (d, 1H); 7.38 (dd, 2H); 7.53 (m, 2H); 
7.70 (d, 1 H); 7.82 (s, 1 H); 7.92 (m, 2H); 8.46 (s, 1 H); 9.02 (s, 1 H, NH). 

MS (m/z) ES+: 471.2 (MH+, 100). 
[a]D = -53.0 °; c = 0.5 in MeOH. 

Example 28: N-(4-Chloro-2-[(E)-3-[4-(4-fluoroberKyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]- 
phenyl)-N'-cyanoguanidine 

a) (E)-3-(2-tert-Butyloxycarbonylamino-5-chlorophenyl)-acrylic acid methyl ester 



(E)-3-(2- Amino-5-chlorophenyl)-acrylic acid methyl ester (Gonzalez-Zamora, Eduardo et al 
Chem. Comm. (2001), (17), 1684-1685.) (1.7 g, 8.0 mmol) in THF (6.5 ml) was combined 
with (BOC) 2 0 (6.98 g, 32.0 mmol) and refluxed for 4 hours. THF was evaporated and the 
residue purified via chromatography (Si0 2 , acetone/hexanes 5/95) followed by 
recrystallisation from hexanes to yield the title compound as yellow crystals (1.8 g; 72%). 

1H-NMR (400MHz; DMSO-d6): 1.47 (s, 9H); 3.75 (s, 3H); 6.68 (d, 1H); 7.38 (d, 1H); 7.46 
(dd, 1H); 7.73 (d, 1H); 7.90 (d, 1H); 9.22 (bs, 1H, NH). 





MS (m/z) ES-: 310.2 (M-H; 100). 



Case 4-32743P1 



-57- 

b) (E)-3-(2-tert-Butyloxycarbonylamino-5-chlorophenyl)-acrylic acid 




(E)-3-(2-tert-Butyloxycait>onylamino-5-chlorophenyl)-acrylic acid methyl ester (1.8 g, 5.77 
mmol) was dissolved in MeOH (115 ml), 2N NaOH (4.3 ml, 8.6 mmol) added and stirred at 
60 OC for 2 hours. The reaction mixture was evaporated to dryness, acidified to pH 3.5 by 
adding water (200 ml) and 2N HCI (4.35 ml) and extracted twice with TBME. The combined 
organic phases were dried over Na 2 S0 4 and evaporated to dryness to yield the title acid as a 
solid, which was recrystallised from TBME/hexanes to render the title compound as colorless 
crystals (1.0 g. 59%). 

1H-NMR (400MHz; DMSO-d6): 1.47 (s, 9H); 6.55 (d, 1H); 7.38 (d, 1H); 7.42 (dd, 1H); 7.68 
(d, 1H); 7.83 (s, 1H); 9.28 (s. 1H, NH); 12.50 (s, 1H, COOH). 

MS (m/z) ES-: 296 (M-H; 20); 222.0 (90); 178.0 (100). 

c) (4-Chloro-2-[(E)-3-[4-(4-fluorober^l)-2-methylpiperazin-1-yl]-3-oxopropenyrj-phenyO- 
carbamic acid tert butyl ester 




(E)-3-(2-tert-Butyloxycarbonylamino-5-chlorophenyl)-acrylic acid (1.0 g, 3.36 mmol) and 
EDCI.HCI (645 mg, 3.36 mmol) and racemic 1-(4-fluorobenzyl)-3-methyl-piperazine (Bolos, 
Jordi et al. J.Med.Chem. (1996), 39(15), 2962-2970) (770 mg, 3.7 mmol) were dissolved in 
CH 2 CI 2 (34 ml) and stirred at room temperature for 4 hours. The reaction mixture was 
purified via chromatography (Si0 2 , EtOAc/hexanes 1/1) to yield the title compound as 
colorless foam (1.2 g, 74%). 



Case 4-32743P1 



-58- 

1H-NMR (400MHz; DMSO-d6): 1.18-1.35 (m, 3H); 1.47 (s, 9H); 1.83-2.20 (bs, 2H); 2.68 (% 
1H); 2.85 ^d. 1H): 3.00 (bs. 1HV 3.43 (hrt 1HV s k?» fM iu\. a no /u., ^. ft i\. 

% • - - / . \ # • • vi •••-*- v"-" w » »/i -r.ww \wo, II iy f 

7.18 (t, 2H); 7.23 (d, 1H); 7.40 (m, 4H); 7.62 (d, 1H); 7.97 (s, 1H); 9.10 (bs, 1H, NH). 
MS (m/z) ES-: 486.3 (M-H, 100). 

d) E)-3-(2-Amino-5-chlorophenyl)-1-[4-(4-fluorobenzyl)-2-methylpiperazin-1- 
yQpropenone 




(4-Chloro-2-[(E)-3-[4-(4-fluorobenzyl)-2-me^ 

carbamic acid tert butyl (1.2 g, 2.45 mmol) was dissolved in EtOH (10 ml) and treated with 
HCIconc (10 ml) for 15 minutes at 50 °C. The reaction mixture was poured on a saturated 
solution of Na 2 C0 3 and extracted with EtOAc twice. The combined organic phases were 
dried over Na 2 S0 4 , evaporated to dryness to yield the title compound as a yellow foam (900 
mg, 91%). 

1H-NMR (400MHz; DMSO-d6): 1.25 (bs, 3H); 1.95 (bs, 1H); 2.08 (bs, 1H); 2.66 (d, 1H); 
2.83 (d, 1H); 2.95 (bs, 1H); 3.43 (d, 1H); 3.54 (d, 1H); 4.20 (bs, 1H); 4.60 (bs, 1H); 5.60 (s, 
2H, NH2); 6.70 (d, 1H); 7.03-7.08 (m, 2H); 7.17 (t, 2H); 7.39 (dd, 2H); 7.57-7.66 (m, 2H). 

MS (m/z) ES+: 388.2 (MH+, 100); 209.2 (30). 



e) N-(4-Chloro-2-[(E)-3-[4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]-3-oxopropenyl]- 
phenyl)-N'-cyanoguanidine 
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ci 



(E)-3-(2-Amino-5-chlorophenyl)-1 -[4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-propenone (116 
mg, 0.3 mmol) and NaN(CN) 2 (106 mg, 1.2 mmol) were heated to reflux in ethoxyethanol (3 
ml). 2N HCI (0.6 ml) was added dropwise within 5 minutes and the reaction mixture refluxed 
for another 15 minutes. The reaction mixture was poured on a saturated solution of Na 2 C0 3 
and extracted with EtOAc twice. The combined organic phases were dried over Na 2 S0 4 , 
evaporated to dryness and purified via chromatography (Si0 2l TBME/MeOH/NH 3 conc 
90/9/1) to yield the title compound as a yellow solid (40 mg, 30%). 

1H-NMR (400MHz; DMSO-d6): 1.16 (bs, 3H); 1.86-2.21 (m, 2H); 2.68 (bd, 1H); 2.83 (bd, 
1H); 3.00 (bs, 1H); 3.46 (bs, 1H); 3.54 (bs, 1H); 4.26 (bs, 1H); 4.60 (bs, 1H); 7.11 (s, 2H, 
NH2); 7.19 (t, 2H); 7.30-7.45 (m, 5H); 7.52 (d, 1H); 8.06 (s, 1H); 8.90 (s, 1H). 

MS (m/z) ES+: 453.3 (M-H, 100). 

Example 29: N-(4-Chloro-2-[(E)-3-[4-(4-fluorobenzyl)-2-methylpiperazin-1 -yl]-3-oxopropenyl]- 
phenyl)-acetamide 




(E)-3-(2-Amino-5-chlorophenyl)-1 -[4-(4-fluorobenzyl)-2-methylpiperazin-1-yl]prop-enone (116 
mg, 0.3 mmol) NEts (303 mg, 3.0 mmol) and Ac^O (306 mg, 3.0 mmol) were refluxed in THF 
(6 ml) for 4 hours. The reaction mixture was evaporated to dryness and purified via 
chromatography (Si0 2l TBME/MeOH/NH 3 conc 98/1.8/0.2) to yield the title compound as a 
yellowish foam (100 mg. 90%). 
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1H-NMR (400MHz; DMSO-d6): 1.25 (bs, 3H); 1.86-2.20 (m, 2H); 2.68 (d, 1H); 2.83 (d, 110 
3.00 (bs t 1H); 3.45 (d, 1H); 3.55 (d, 1H); 4.25 (bs ( 1H); 4.62 (bs, 1H); 7.19 ft. 2H); 7.28 (d, 
1H); 7.36-7.42 (m, 3H); 7.47 (d, 1H); 7.61 (d f 1H); 8.02 (d, 1H); 9.83 (s, 1H, NH). 

MS (m/z) ES+: 430.2 (MH+, 100). 

Example 30: (E)-3-(4-Chloro-2-morphoIin-4-ylmethyl-phenyl)-1 -[4-(4-fluoro-benzyl)-2-methyl- 
piperazin-1 -yl]-propenone 

a) 1 -[4-(4-Fluoro-benzyl)-2-methyl-piperazin-1 -yl]-propenone 



3.00 g (14.4 mmol) 1-(4-Fluoro-benzyl)-3-methyI-piperazine and 2.0 ml (14.4 mmol) 
triethylamine were disolved in 50 ml dichloromethane. The solution was cooled to 0 °C and 
1.19 ml (14.4 mmol) acryloyl chloride was added dropwise. Stirring was continued for 
another 4 hours. The solvent was evaporated and the residue was partitioned between 
sodium bicarbonate solution and ethyl acetate. Further extraction with ethyl acetate and 
washing of the organic phase with water and brine yieled 3.60 g (13.6 mmol, 95 %) of the 
acroyl amide. 

1H-NMR (400 MHz, DMSO-d6): 1.20 (bs, 3H), 1.84-2.14 (m, 2H), 2.62 (d, 1H), 2.79 (d, 1H), 
3.41 and 3.50 AB-Sys. t 2H), 3.72-4.68 (m, 3H), 5.66 (dd, 1H), 6.09 (dd, 1H), 6.76 (dd, 1H), 
7.15 (t,2H), 7.35 (dd,2H). 

MS (ESI+) m/z: 263 [M+H]+ 

b) 4-(2-Bromo-5-chloro-benzy|)-morphoIine 
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A mixture of 0.50 g (1.76 mmol) 1-Bromo-2-bromomethyl-4-chloro-benzene, 0.17 g (1.94 
mmol) morpholine and 0.29 ml (210 mmol) triethylamine in 20 ml DMF was stirred overnight 
at room temperature. 200 ml of ethylacetate was added and the solution was extracted with 
sodium bicarbonate, water and brine. 0.47 g (1.62 mmol, 92%) of the title compound were 
obtained as a viscous oil. 

1H-NMR (400 MHz, DMSO-d6): 2.43 (t, 4H), 3.54 (s, 2H), 3.60 (t, 4H), 7.29 (dd, 1H), 7.52 
(d, 1H),7.64(d, 1H). 

MS (ESI+) m/z: 290 [M+HJ+ 

c) (E)-3-(4-Chloro-2-morpholin-4-ylmethyl-phenyl)-H4-(4-fluoro-benzyl)-2-methyl- 
piperazin-1 -yl]-propenone 




0.20 g ( 0.69 mmol) 4-(2-Bromo-5-chloro-benzyl)-morpholine, 0.20 g (0.76 mmol) 1-[4-(4- 
Fluoro-benzyl)-2-methyl-piperazin-1-yl]-propenone and 0.29 ml (2.07 mmol) triethylamine 
were disolved in 7 ml DMF. 21 mg tri(o-tolyl)phosphine and 16 mg palladium(ll)-acetate were 
added and the reaction mixture was heated to 100 °C for 16 hours. 100 ml ethylacetate was 
added, the organic phase was washed with sodium bicarbonate solution, water and brine. 
The crude product which was obtained after evaporation was further purified by prep. HPLC 
(acetonitrile/water) to obtain 0.13 g (0.27 mmol, 39%) of the desired title compound. 



1 H-NMR (400 MHZ, DMSO-d6): 1.26 (d, 3H), 1.88-2.00 (m, 1H), 2.04-2.13 (m, 1H), 2.34- 
2.40 (m, 4H), 2.66 (d, 1H), 2.82 (d, 1H), 3.42 and 3.52 (AB-Sys., 2H), 3.54 (br s, 4H), 4.08- 
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4.29 (m, 1H), 4.45-4.64 (m, 1H), 7.10 (d, 1H), 7.16 (t, 2H), 7.34-7.40 (m, 3H), 7.42 (d, 1|£ 
7.82 (d, 1H), 7.83 (d, 1H). 

MS (ESI+) m/z: 472 [M+H]+ 

In similar manner the following compounds were synthesised: 

Example 31 : 1-(5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo- 
propenyl}-benzyl)-pyrrolidin-2-one 

a) 1 -(2-Bromo-5-chloro-benzyl)-pyrrolidin-2-one 



1H-NMR (400 MHz, DMSO-d6): 1.97 (quint, 2H), 2.32 (t, 2H), 3.30 (t, 2H), 4.41 (s, 2H), 7.25 
(d, 1H), 7.33 (dd, 1H), 7.67 (d, 1H). 

MS (ESI+): 310[M+Na]+ 



b) 1 -(5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1 -yl]-3-oxo-propenyl}- 
benzyl)-pyrrolidin-2-one 





1H-NMR (400 MHz, DMSO-d6): 1.24 (d, 3H), 1.87-2.13 (m, 4H), 2.28 (t, 2H), 2.64 (d, 1H), 
2.83 (d, 1H), 2.90-3.05 (m, 1H), 3.19 (t, 2H), 3.42 and 3.53 (AB-Sys., 2H), 4.00-4.67 (m, 2H), 
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4.48 (s, 2H), 7.09 (d, 1H), 7.16 (t, 2H), 7.26 (s, 1H), 7.32-7.43 (m, 3H), 7.64 (d, 1H), 7.33 (d, 
1H). 

MS (ESI+): 471 [M+H]+ 

Example 32: (E)-3-(4-Chloro-2-[1 ,2,4]tria2ol-1 -ylmethyl-phenyl)-1 -[4-(4-fluoro-benzyl)-2- 
methyl-piperazln-1 -yl]-propenone 

a) 1 -(2-Bromo-5-chloro-benzyl)-1 H-[1 ,2,4]triazole 



1H-NMR (400 MHz, DMSO-d6): 5.50 (s, 2H), 7.21 (d, 1H), 7.39 (dd, 1H), 7.70 (d, 1H), 8.04 
(s, 1H), 8.68 (s, 1H). 

MS (ESI+): 272 [M+H]+ 



b) (E)-3-(4-Chloro-2-[1 ,2,4]triazol-1 -ylmethyl-phenyl)-1 -[4-(4-fluoro-benzyl)-2-methyl- 
ptperazin-1 -yl]-propenone 



1H-NMR (400 MHz, DMSO-d6): 1.24 (d, 3H), 1.87-2.16 (m, 2H), 2.66 (d, 1H), 2.82 (d, 1H), 
2.88-3.05 (m, 1H), 3.42 and 3.53 (AB-Sys., 2H), 4.02-4.68 (m, 2H), 5.59 (s, 2H), 7.12 (d, 
1H), 7.17 (t, 2H), 7.28 (d, 1H), 7.36 (dd, 2H), 7.45 (dd, 1H), 7.70 (d, 1H), 7.87 (d, 1H), 7.98 
(s, 1H), 8.59 (s, 1H). 





MS (ESI+): 454 [M+H]+ 
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Examnie 33: (E)-3-[4-Chloro-2-(4-methyl-piperazin-1 -ylmethyl)-phenyl]-1 -[4-(4-fluoro-benzyl)- 
2-methyl-piperazin-1 -yl]-propenone 



a) 1 -(2-Bromo-5-chloro-benzyl)-4-methyl-piperazine 




1H-NMR (400 MHz, DMSO-d6): 2.17 (s, 3H), 2.22-2.50 (m, 8H), 3.50 (s, 2H), 7.28 (d, 1H), 
7.48 (s, 1H), 7.62 (d, 1H). 

MS (ES1+): 303 [M+HJ+ 



b) (E)-3-[4-Chloro-2-(4-methyl-piperazin-1 -ylmethyl>phenyl]-1 -[4-(4-fluoro-benzyl)-2- 
methyI-piperazin-1-yl]-propenone 




1H-NMR (400 MHz, DMSO-d6): 1.25 (d, 3H). 1.88-2.00 (m, 1H), 2.04-2.17 (m, 1H), 2.20- 
2.46 (m, 9H), 2.66 (d, 1H), 2.82 (d, 1H), 3.43 and 3.52 (AB-Sys., 2H), 3.52 (s, 2H), 4.10-4.28 
(m, 1H), 4.45-4.65 (m, 1H), 7.08 (d, 1H), 7.16 (t, 2H), 7.33-7.40 (m, 4H), 7.29 (d, 1H), 7.30 
(d, 1H). 

MS (ESI+): 485 [M+H]+ 



Example 34: (E)-3-[2-(4-Acetyl-piperazin-1 -ylmethyl)-4-chloro-phenyl]-1 -[4-(4-fluoro-benzyl)- 
2-methyl-piperazin-1-yl]-propenone 
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K_/»Kirtrr»_hon-ywh-ninerazin-1-vn-ethanone 



X 




Br 



ci- 



1H-NMR (400 MHz, DMSO-d6): 1.98 (s, 3H). 2.35-2.41 (m, 2H), 2.43-2.48 (m, 2H), 3.40- 
3.49 (m, 4H), 3.55 (s, 2H), 7.30 (d, 1H), 7.53 (s, 1H), 7.64 (d, 1H). 

MS (ESI+): 331 [M+H1+ 

b) (E)-3-[2-(4-Acetyl-piperazlrv1-yImethyl)-4-chloro-ph 
methyl-piperazin-1-yl]-propenone 



1H-NMR (400 MHz, DMSO-d6): 1.24 (d, 3H), 1.90-2.00 (m, 1H), 1.98 (s, 3H), 2.04-2.14 (m, 
1H), 2.32 (t, 2H), 2.39 (t, 2H), 2.66 (d, 1H), 2.82 (d, 1H), 3.40 (br s, 4H), 3.43 and 3.52 (AB- 
Sys., 2H), 3.57 (s, 2H), 4.09-4.28 (m, 1H), 4.43-4.67 (m, 1H), 7.10 (d, 1H), 7.16 (t, 2H), 7.33- 
7.41 (m, 3H), 7.42 (s, 1H), 7.82 (d, 1H), 7.83 (d, 1H). 

MS (ESI+):513[M+H]+ 



X 




Example 35: 5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo-pro 
benzoic acid methyl ester 
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1H-NMR (400 MHz, DMSO-d6): 1.25 (br s, 3H), 1.86-2.19 (m, 2H), 2.66 (d, 1H), 2.83 (d, 
1H), 2.87-3.08 (m, 1H), 3.43 and 3.52 (AB-Sys., 2H), 3.88 (s, 3H), 4.04-4.72 (m, 2H), 7.12- 
7.20 (m, 3H), 7.38 (t, 2H), 7.70 (d, 1H), 7.84 (s, 1H), 7.95-8.04 (m, 2H). 

MS (ESI+): 431 [M+H]+ 

Example 36: (5-Chloro-2-{(E)-3-[4-(4-fluoro-ben2yl)-2-methyl-piperazin-1 -yl]-3-oxo-propenyl}- 
phenyl)-acetic acid methyl ester 




1H-NMR (400 MHz, DMSO-d6): 1.24 (br s, 3H), 1.88-2.17 (m, 2H), 2.65 (d, 1H), 2.82 (d, 
1H), 2.87-3.13 (m, 1H), 3.43 and 3.52 (AB-Sys., 2H), 3.61 (s, 3H), 3.88 (s, 2H), 4.05-4.68 
(m, 2H), 7.12 (d, 1H), 7.16 (t, 2H), 7.33-7.40 (m, 3H), 7.42 (d, 1H), 7.54 (d, 1H), 7.86 (d, 1H). 

MS (ESI+): 467 [M+Na]+ 

Example 37: 5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazln-1 -yl]-3-oxo-propenyl}- 
benzoic acid 




1.56 g (3.6 mmol) 5-Chloro-2-{(E)-3-[4-(4-fIuoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo- 
propenyl}-benzoic acid methyl ester (Example 35) was suspended in a 1:1 mixture of 

methanol and water (90 ml) 0.5 ml in M MaOH W a « »dc!ed and tho m|vfijr e «»/ 2£ stirred 

overnight. After acidification using 6.5 ml 1N HCI the product precipitated. Filtration and 
yielded 1.32 g (3.2 mmol, 87 %) of the desired acid. 

1H-NMR (400 MHz, DMSO-d6): 1.24 (bs, 3H), 1.88-2.17 (m, 2H), 2.65 (d, 1H), 2.82 (d, 1H), 
2.86-3.06 (m, 1H), 3.43 and 3.52 (AB-Sys., 2H), 4.02-4.70 (m, 2H), 7.05 (d, 1H), 7.17 (t, 2H), 
7.38 (dd, 2H), 7.42-7.53 (m, 1H), 7.64 (br s, 1H), 7.84 (d, 1H), 8.12 (d, 1H), COOH not 
observable. 

MS (ESI+): 417 [M+H]+ 



Example 38: (E)-3-[4-Chloro-2-(4-methyl-piperazine-1 -carbonyl)-phenyl]-1 -[4-(4-fluoro- 
benzyl)-2-methyl-piperazin-1-yl]-propenone 




0.15 g (0.36 mmol) benzoic acid from Example 36, 43 mg N-methylpiperazine (0.43 mmol), 
83 mg EDCI (0.43 mmol) and 58 mg HOBt (0.43 mmol) were disolved in 5 ml DMF. The 
reaction mixture was stirred overnight, then partitioned between ethylacetate and aq. 
sodiumbicarbonate solution. The organic phase was further washed with water and brine. 
Removal of the solvent gave a crude product which was further purified by crystallisation 
from acetonitrile. Thus 75 mg (0.15 mmol, 42 %) of the desired amide was otained. 

1 H-NMR (400 MHz, DMSO-d6): 1.24 (br s,. 3H), 1.87-2.14 (m, 4H), 2.21-2.35 (m, 2H), 2.65 
(d, 1H), 2.82 (d, 1H), 2.91-3.18 (m, 3H), 3.37-3.56 (m, 3H), 3.77-3.88 (m, 1H), 4.00-4.68 (m, 
2H), 7.17 (t, 2H), 7.24 (d, 1H), 7.35 (d, 1H), 7.36 (dd, 2H), 7.40 (d, 1H), 7.53 (dd, 1H), 8.02 
(d, 1H). 
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MS (ESI+): 499 [M+H]+ ^ 
In analoguous manner the following products were prepared: 

Example 39: 5-Chloro-2-{(E)-3-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo-propenyl}- 
N-isopropyl-benzamide 




1 H-NMR (400 MHz, DMSO-d6): 1.15 (d, 6H), 1.24 (br s| 3H). 1.87- 2.15 (m, 2H), 2.65 (d, 
1H), 2.82 (d, 1H). 2.88-3.08 (m, 1H), 3.42 and 3.52 (AB-Sys., 2H), 4.04 (sept., 1H), 4.08- 
4.68 (m, 2H), 7.17 (t, 2H), 7.19 (d, 1H), 7.37 (dd, 2H), 7.40 (d, 1H). 7.53 (dd, 1H), 7.62 (d, 
1H), 7.97 (d,1H), 8.40 (d,1H). 

MS (ESI+): 458 [M+H]+ 

Example 40: 5-Chloro-2-{(E)-3-[4-(4-fluoro-ben2yl)-2-methyl-piperazin-1-yl]-3-oxo-propenyl}- 
N-(1-methyl-piperidin-4-yl)-benzamide 




1 H-NMR (400 MHz, DMSO-d6): 1.23 (bs, 3H), 1.45-1.57 (m, 2H), 1.74-1.83 (m, 2H), 1.87- 
2.15 (m, 5H), 2.17 (s, 3H), 2.60-2.86 (m, 4H), 3.42 and 3.57 (AB-Sys., 2H), 3.63-3.75 (m, 
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1H), 4.00-4.68 (m, 2H), 7.17 (t, 2H), 7.19 (d, 1H), 7.36 (dd, 2H), 7.41 (d, 1H), 7.54 (dd, 1H), 
7.6i (d, iri), 7.96 (d, in), 5.46 (u, IK). 

MS (ESI+): 513[M+H]+ 

Example 41 : N-(1-Benzyl-piperidin^yl)-5-chloro-2-{(E)-3-[4-(4-fIuoro-benzyl)-2-methyl- 
piperazin-1 -yl]-3-oxo-propenyl}-benzamide 



1H-NMR (400 MHz, DMSO-d6): 1.23 (bs, 3H), 1.44-1.57 (m, 2H), 1.76-1.84 (m, 2H), 1.87- 
2.15 (m, 4H), 2.64 (d, 1H), 2.73-2.85 (m, 3H), 3.42 and 3.51 (AB-Sys., 2H), 3.47 (s, 2H), 
3.68-3.79 (m, 1H), 4.00-4.65 (m, 2H), 7.17 (t, 2H), 7.19 (d, 1H), 7.22-7.39 (m, 7H), 7.40 (d, 
1H), 7.53 (dd, 1H), 7.60 (d, 1H), 7.97 (d, 1H), 8.46 (d, 1H). 

MS (ESI+): 589 [M+H]+ 

Example 42: 4-(5-Chloro-2-{(E)-3-I4-(4-fluoro-benzyl)-2-methy1-piperazin-1 -yIJ-3-oxo- 
propenyI}-benzoylamino)-piperidine-1-carboxylic acid ethyl ester 
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(m, 4H), 2.66 (d, 1H), 2.82 (d, 1H), 2.88-3.06 (m, 2H), 3.42 and 3.52 (AB-Sys., 2H), 3.85- 
3.98 (m, 3H), 4.04 (q, 2H), 4.06-4.73 (m, 2H), 7.18 (t, 2H), 7.21 (d, 1H), 7.37 (dd, 2H), 7.44 
(d, 1H), 7.54 (dd, 1H), 7.62 (d, 1H), 7.98 (d, 1H), 8.51 (d, 1H). 

MS (ESI+): 571 [M+H]+ , 593 [M+Na]+ 



Example 43: N-(5-Chloro-2-{(E)-3-[4-(4-chIoro-benzyl)-2-methyl-piperazin-1 -yl]-3-oxo- 
propenyl}-phenyl)-acetamide 



a) 1 -(4-Chloro-benzyl)-3-methyl-piperazine 

3.49 g (17.0 mmol) 4-chlorobenzylbromide was added dropwise to a mixture of 2.04 g (20.4 
mmol) 2-methyl piperazine and 2.40 ml (17 mmol) triethylamine in 60 ml DMF at room 
temperature. The reaction mixture was stirred for 16 hours at room temperature, the poured 
onto aq. sodium bicarbonate solution and extracted with ethylacetate. Purification of the 
crude product by flash chromatography gave 2.26 g (10.1 mmol, 59 %) of 1-(4-chIoro- 
benzyl)-3-methyl-piperazine as a colorless oil. 

1H-NMR (400 MHz, DMSO-d6): 0.91 (d, 3H), 1.56 (t, 1H), 1.90 (td, 1H), 1.91-2.03 (m, 1H), 
2.56-2.74, m, 4H), 2.79 (dt, 1H), 3.40 and 3.44 (AB-Sys., 2H), 7.33 (d, 2H), 7.40 (d, 2H). 

MS (ESI+): 225 [M+H]+ 




X 
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b) N-(5<ihloro-2-{(E)-3-l4-(4-chloro-te 
phenyl)-acetamide 

0.10 g (0.42 mmol) (E)-3-(2-Acetylamino-4-chloro-phenyl)-acrylic acid, 85 mg 1-(4-Chloro- 
berizyl)-3-methyl-piperazine (0.38 mmol), 87 mg EDCI (0.45 mmol) and 61 mg HOBt (0.45 
mmol) were dlsolved in 5 ml DMF. The reaction mixture was stirred overnight, then 
partitioned between ethylacetate and aq. sodiumbicarbonate solution. The organic phase 
was further washed with water and brine. Removal of the solvent gave a crude product 
which was further purified by prep. HPLC (Waters XT column, acetonitrile/water). 0.11 mg 
(0.24 mmol, 63 %) of the title compound was obtained as an pale yellow solid. 

1H-NMR (400 MHz, DMSO-d6): 1.25 (d, 3H), 1.83-2.15 (m, 2H), 2.66 (d, 1H), 2.82 (d, 1H), 
2.88-3.08 (m. 1H), 3.43 and 3.54 (AB-Sys., 2H), 4.04-4.72 (m, 2H), 7.18 (d. 1H), 7.28 (dd, 
1H), 7.33-7.43 (m, 4H), 7.58 (d, 1H), 7.63 (d, 1H), 7.89 (d, 1H), 9.88 (s, 1H). 

MS (ESI+): 446 [M+H]+ 

Analogously the following compounds were prepared: 

Example 44: N-(5-Chloro-2-{(E)-3-[4-(3-fluoro-ben27l)-2-memyl-piperazin-1-yll-3-oxo- 
propenyl}-phenyl)-acetamide 



a) 1 -(3-Fluoro-benzyl)-3-methyl-piperazine 

1H-NMR (400 MHz, DMSO-d6): 0.92 (d, 3H), 1.60 (t, 1H), 1.93 (td, 1H), 2.55-2.76 (m, 5H), 
2.81 (dt, 1H), 3.45 (s, 2H), 7.04-7.17 (m, 3H), 7.38 (q, 1H). 




MS (ESI+): 209 [M+H]+ 
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b) N-(5-Cm!oi o-2-{(E)-3-[4-(3-fiuui u-Lienz.yi)-^-meihyi-piperazin-i -yij-3-oxo-propenyl}- 
phenyl)-acetamide 

1H-NMR (400 MHz, DMSO-d6): 1.27 (br s, 3H), 1.88-2.22 (m, 2H), 2.08 (s, 3H), 2.67 (d, 
1H), 2.84 (d, 1H), 2.90-3.12 (m, 1H), 3.46 and 3.57 (AB-Sys., 2H), 4.95-4.70 (m, 2H), 7.09 
(td, 1H), 7.13-7.21 (, 3H), 7.28 (dd, 1H), 7.34-7.43 (m, 1H), 7.57 (d, 1H), 7.62 (d, 1H), 7.89 
(d, 1H), 9.88 (s, 1H). 

MS (ESI+): 430 [M+H]+ 



Example 45: N-(5-Chloro-2-{(E)-3-[4-(2,4-difiuoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo- 
propenyl}-phenyl)-acetamide 




a) 1 -(2,4-DifIuoro-benzyl)-3-methyl-piperazine 

1H-NMR (400 MHz, DMSO-d6): 0.91 (d, 3H), 1.59 (t, 1H), 1.82-1.97 (m, 2H), 2.56-2.70 (m, 
4H), 2.78 (dt, 1H), 3.46 (s, 2H), 7.07 (td, 1H), 7.19 (td, 1H), 7.44 (q, 1H). 

MS (ESI+): 227 [M+H]+ 



b) N-(5-Chloro-2-{(E)-3-[4-(2,4-difluoro-benzyl)-2-methyl-piperazin-1-yl]-3-oxo-propenyl}- 
phenyl)-acetamide 



1H-NMR (400 MHz, DMSO-d6): 1.23 (br s, 3H), 1.88-2.22 (m, 2H), 2.08 (s, 3H), 2.68 (d, 
1H), 2.82 (d, 1H), 2.88-3.40 (m, 1H), 3.53 (s, 2H), 4.04-4.70 (m, 2H), 7.08 (td, 1H), 7.17 (d, 
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1H). 7.22 (dd, 1H), 7.27 (d, 1H), 7.49 (q, 1H), 7.57 (s, 1H), 7.61 (d, 1H), 7.89 (d, 1H), 9.88 



MS (ESI+): 448 [M+H]+ 

Example 46: N-(5-Chloro-2-{(E)-3-[4-(4-cyano-ben2yl)-2-methyl-piperazin-1 -yl]-3-oxo- 
propenyl}-phenyl)-acetamide 



a) 4-(3-Methyl-piperazin-1 -ylmethyl)-benzonitrile 

1H-NMR (400 MHz, DMSO-d6): 0.91 (d. 3H), 1.60 (t. 1H), 1.87-1.97 (m, 2H), 2.57-2.74 (m, 
4H), 2.80 (dt, 1 H), 3.54 (s, 2H), 7.52 (d, 2H), 7.80 (d, 2H). 

MS (ESI+): 216 [M+H]+ 



b) N-(5-Chloro-2-{(E)-3-[4-(4-cyano-ber^l)-2-methyl-piperazin-1-yll-3-oxo-propenyl)- 
phenyi)-acetamide 

1H-NMR (400 MHz, DMSO-d6): 1.28 (br d, 3H), 1.89-2.24 (m, 2H), 2.08 (s, 3H), 2.65 (d, 
1H), 2.83 (d, 1H), 2.92-3.43 (m. 1H), 3.54 and 3.64 (AB-Sys M 2H), 4.05-4.70 (m, 1H), 7.18 
(d, 1H), 7.27 (dd, 1H), 7.53-7.59 (m, 3H), 7.3 (d, 1H), 7.83 (d, 2H), 7.89 (d, 1H), 9.88 (s, 1H). 

MS (ESI+): 437 [M+HJ+ 




Assays: 
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Preparation of membranes from CHO cells expressing hCCR1 : 9 

Membranes were prepared from CHO-K1 cells stably transfected with a plasmid coding for 
the full-length human CCR1. 

Cells were grown in large cell culture dishes (30x30cm) to a confluency of between 80 and 
90%( -30x107 cells); in one experiment cells were grown to confluency without loss in 
receptor density of the membrane preparation. 

All subsequent steps to prepare the membranes were performed at 4°C or on ice. After 
discarding the medium, 30 ml ice-cold PBS containing 1mM EDTA were added and the cells 
removed from the dishes using a scraper. After centrifugation at 10'000 rpm at 40 °C for 10 
minutes in a SS34 rotor the supernatant was discarded and the cells resuspended in 10mL 
buffer A (20 mM HEPES, 10 mM EDTA, pH 7.4) containing protease inhibitor cocktail 
(Roche, Complete). The cell suspension was homogenized using a Polytron homogenizer at 
28'000 rpm at two intervals of 30 seconds each. In order to collect the membranes the 
homogenate was centrifuged at 18'000 rpm for 20 minutes at 4 °C using a SS34 rotor. The 
supernatant was discarded and the pellet resuspended by vortexing in 10 mL buffer B (20 
mM HEPES, 0.1 mM EDTA, pH 7.4) containg protease inhibitors followed by a second 
round of homogenization (2x 30 sec at 28'000rpm, Polytron). After another centrifugation 
step (20 min at 4 °C, 18*000 rpm) the pellet was resuspended in 5 mL buffer B by vortexing 
and subsequent homogenization ( Polytron, 10 sec). 

The protein concentration of the membrane preparation was determined using the BioRAD 
Protein Assay and human IgG as standard. The protein concentration of the membrane 
preparation was adjusted to 1 - 3 mg/mL and either aliquoted into Eppendorf tubes and 
quickfrozen in liquid nitrogen or, alternatively, the membrane preparation was added 
dropwise (by a peristaltic pump) into liquid nitrogen where it collects as frozen pellets (50- 
100 pL) at the bottom of the Dewar vessel. The membranes were stored at -80 °C. 

SPA-Binding Assay: 

125 jig hCCR1 membranes were thawed and diluted into 340 nl ice-cold Buffer 2 (75 mM 
HEPES; pH 7.4, 300 mM NaCI. 6 mM CaCI 2 , 15 mM MgCI 2 , 1.5 % BSA, Protease inhibitor 
cocktail (Complete Mini, Roche #61540601), 1 tablet in 10mL). The final volume was 
adjusted to 1 mL with ice-cold Buffer 3 (20 mM HEPES, 0.1 mM EDTA, pH 7.4). The 
suspension was homogenized with three strokes and kept on ice. 
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The assay was performed in a final volume of 200 |J per well in OptiPlate-96well plates. The 
components were added per well in the following order. 

50 jxL - CCR1 -membranes (2.5ng/well) diluted as described above 

50 nL - WGA-SPA beads (1 mg/well) in Buffer 1 (HBSS (1x) (Gibco#1 4025-050), 10 
mM HEPES; pH 7.4, 0.1 % BSA (Fluka #05480)) 

inhibitor diluted in Buffer 1 

50 jliL - 80 pM [125l]MIP-1a, diluted in Buffer 1 ( to give a final concentration of 20 
pM in the well) 

After the addition of all components the plates were sealed with Top-Seal and incubated at 
RT for 120 minutes with constant shaking. Following incubation, the plates were centrifuged 
for 10 minutes at 3000 rpm and counted within 10 hours for 3 minutes per well with a TOP 
COUNT instrument (Packard). 

Compounds of the invention demonstrated inhibition of binding of MIP1a to the human 
CCR1 receptor with IC50s ranging from 0.1 nM to 1000 nM. 

Calcium Flux: 

THP-1 cells are cultured in RPM1 1640 medium supplemented with 10 % FCS. The cells are 
harvested, spun down and resuspended at about 2.106 cells per ml in HBSS 20 mM Hepes 
in absence of BSA. They are loaded in presence of 2 pM Fluo4 for 30 min at 37°C in a 
waterbath. After two washes with HBSS 20 mM Hepes, they are resuspended at 0.67x106 
cells/ml in the same buffer supplemented with 0.1% BSA and 150 |jl containing 105 cells are 
distributed per well in a black/clear bottom 96-well plate. 

The test compounds are prepared from stock solutions at 20 mM in pure DMSO to reach 
final concentrations ranking 10-5M to 10-11M in HBSS 20 mM Hepes supplemented with 
0.1% BSA The agonist rh-MIP-1a is prepared as an eight-fold concentrated solution in the 
same buffer. Usually a final concentration of 3 nM is used for the screening. 
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Twenty-five microliters of the compounds are mixed to the 150 pi cells and the plates are let 
standing for an additional half an hour at RT in the dark to allow cell sedimentation aifl 
interaction with the compounds. Tiien liio plate are transferred tc the Flsxststier: (Molecular 
Devices fluorometer) where the fluo-4 fluorescence of the cells is measured continuously for 
2 min in total but after 16 sec. of the base line measurement, 25 pi of the MIP1*x solution are 
injected to the cells at a rate of one (about 26 pl/sec) and a height of 160 pi with two mixing 
cycles using a volume of 25 pi at a height of 150pl and a rate of one. 
The calcium response expressed as the maximal fluorescence in relative fluorescence unit is 
plotted versus the compound concentration to determine ICso concentrations. 

Compounds of the invention demonstrated inhibition of Ca 2+ mobilisation in response to 
MIPIcc with IC50S ranging from 0.1 nM to 1000 nM 



As indicated in the above assays Agents of the Invention potently block the effects of MIP1a, 
and CCR1 . Accordingly, the Agents of the Invention have pharmaceutical utility as follows: 

Agents of the Invention are useful for the prophylaxis and treatment of CCR1 or MIP1 a 
mediated diseases or medical conditions. CCR1 and MIPIcc play an important role in 
leukocyte trafficking, in particular in monocyte migration to inflammatory sites and thus the 
Agents of the Invention may be used to inhibit monocyte migration e.g. in the treatment of 
inflammatory conditions, allergies and allergic conditions, autoimmune diseases, graft 
rejection, cancers which involve leukocyte infiltration, stenosis or restenosis, atherosclerosis, 
rheumatoid arthritis and osteoarthritis. 

Diseases or conditions which may be treated with the Agents of the Invention include: 
Inflammatory or allergic conditions, including respiratory allergic diseases such as asthma, 
allergic rhinitis, COPD, hypersensitivity lung diseases, hypersensitivity pneumonitis, 
interstitial lung disease (ILD), (e.g. idiopathic pulmonary fibrosis, or 1LD associated with 
autoimmune diseases such as RA, SLE, etc.); anaphylaxis or hypersensitivity responses, 
drug allergies (e.g. to penicillins or cephalosporins), and insect sting allergies; inflammatory 
bowel diseases, such as Crohn's disease and ulcerative colitis; spondyloarthropathies, 
sclerodoma; psoriasis and inflammatory dermatoses such as dermatitis, eczema, atopic 
dermatitis, allergic contact dermatitis, uticaria; vasculitis; 

Autoimmune diseases, in particular autoimmune diseases with an aetiology including an 
inflammatory component such as arthritis (for example rheumatoid arthritis, arthritis chronica 
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progrediente, psoriatic arthritis and arthritis deformans) and rheumatic diseases, including 
inflammatory conditions and rheumatic diseases involving bone loss, inflammatory pain, 
hypersensitivity (including boin airways i iypei sensitivity and tiermai hypersensitivity; ana 
allergies. Specific autoimmune diseases for which Agents of the Invention may be employed 
include autoimmune haematological disorders (including e.g. hemolytic anaemia, aplastic 
anaemia, pure red cell anaemia and idiopathic thrombocytopenia), systemic lupus 
erythematosus, polychondritis, sclerodoma, Wegener granulomatosis, dermatomyositis, 
chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson syndrome, idiopathic 
sprue, autoimmune inflammatory bowel disease (including e.g. ulcerative colitis, Crohn's 
disease and Irritable Bowel Syndrome), autoimmune thyroiditis, Behcet's disease, endocrine 
ophthalmopathy, Graves disease, sarcoidosis, multiple sclerosis, primary biliary cirrhosis, 
juvenile diabetes (diabetes mellitus type I), uveitis (anterior and posterior), 
keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung fibrosis, and 
glomerulonephritis (with and without nephrotic syndrome, e.g. including idiopathic nephrotic 
syndrome or minimal change nephropathy); 

graft rejection (e.g. in transplantation including heart, lung, combined heart-lung, liver, 
kidney, pancreatic, skin, or corneal transplants) including allograft rejection or xenograft 
rejection or graft-versus-host disease, and organ transplant associated arteriosclerosis; 
atherosclerosis; 

cancer with leukocyte infiltration of the skin or organs; 

stenosis or restenosis of the vasculature, particularly of the arteries, e.g. the coronary artery, 
including stenosis or restenosis which results from vascular intervention, as well as 
neointimal hyperplasia; 

and other diseases or conditions involving inflammatory responses including reperfuslon 
injury, hematologic malignancies, cytokine induced toxicity (e.g. septic shock or endotoxic 
shock), polymyositis, dermatomyositis, and granulomatous diseases including sarcoidosis. 



The term "treatment" as used herein is to be understood as including both therapeutic and 
prophylactic modes of therapy e.g. in relation to the treatment of neoplasia, therapy to 
prevent the onset of clinically or preclinical^ evident neoplasia, or for the prevention of 
initiation of malignant cells or to arrest or reverse the progression of premalignant to 
malignant cells, as well as the prevention or inhibition of neoplasia growth or metastasis. In 
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this context, the present invention is, in particular, to be understood as embracing the use of 
compounds of the present invention to inhibit or prevent development of skin cancer, e.g. W 

-• «•:-.! +~ I l\/ KnM Qvnncnro &n r«=»fil lltant frOITl 
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chronic exposure to the sun. 

Agents of the Invention are particularly useful for treating diseases of bone and cartilage 
metabolism including osteoarthritis, osteoporosis and other inflammatory arthritides, e.g. 
rheumatoid arthritis, and bone loss in general, including age-related bone loss, and in 
particular periodontal disease. 

The Agents of the Invention may also be used in ocular applications which include the 
treatment of ocular disorders, in particular of ocular inflammatory disorders, of ocular pain 
including pain associated with ocular surgery such as PRK or cataract surgery, of ocular 
allergy, of photophobia of various etiology, of elevated intraocular pressure (in glaucoma) by 
inhibiting the production of trabecular meshwork inducible glucocorticoid response 0"IGR) 
protein, and of dry eye disease. 

For the above indications, the appropriate dosage will, of course, vary depending upon, for 
example, the particular Agent of the Invention to be employed, the subject to be treated, the 
mode of administration and the nature and severity of the condition being treated. However, 
in prophylactic use, satisfactory results are generally indicated to be obtained at dosages 
from about 0.05 mg to about 10 mg per kilogram body weight. Agent of the Invention is 
conveniently administered orally, parenterally, intravenously, e.g. into the antecubital or other 
peripheral vein, intramuscularly, or subcutaneously. For example, treatment typically 
comprises administering the Agent of the Invention once daily up to 3 times a day. 

Pharmaceutical compositions of the invention may be manufactured in conventional manner 
The Agents of the Invention may be administered by any conventional route, e.g. orally, for 
example in the form of solutions for drinking, tablets or capsules or parenterally, for example 
in the form of injectable solutions or suspensions. Normally for systemic administration oral 
dosage forms are preferred, although for some indications the Agents of the Invention may 
also be administered topically or dermally, e.g. in the form of a dermal cream or gel or like 
preparation or, for the purposes of application to the eye, in the form of an ocular cream, gel 
or eye-drop preparation; or may be administered by inhalation, e.g., for treating asthma. 
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Suitable unit dosage forms for oral administration comprise e.g. from 25 to 1000mg of Agent 
of the Invention per unit dosage. 

In accordance with the foregoing the present invention also provides in a further series of 
embodiments: 

A. A method of inhibiting Chemokine Receptor 1 (CCR-1) or of reducing inflammation in a 
subject (i.e., a mammal, especially a human) in need of such treatment which method 
comprises administering to said subject an effective amount of an Agent of the Invention, or 
a method of treating any of the above mentioned conditions, particularly a method of treating 
an inflammatory or autoimmune disease or condition, e.g. rheumatoid arthritis, or alleviating 
one or more symptoms of any of the above mentioned conditions. 

B. An Agent of the Invention for use as a pharmaceutical, e.g. for use as an 
immunosuppressant or antiinflammatory agent or for use in the prevention, amelioration or 
treatment of any disease or condition as described above, e.g., an autoimmune or 
inflammatory disease or condition. 

C. A pharmaceutical composition comprising an Agent of the Invention in association with 
a pharmaceutical^ acceptable diluent or carrier, e.g., for use as an immunosuppressant or 
anti-inflammatory agent or for use in the prevention, amelioration or treatment of any disease 
or condition as described above, e.g., an autoimmune or inflammatory disease or condition. 

D. Use of an Agent of the Invention in the manufacture of a medicament for use as an 
immunosuppressant or anti-inflammatory agent or for use in the prevention, amelioration or 
treatment of any disease or condition as described above, e.g., an autoimmune of 
inflammatory disease or condition. 
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CLAIMS 

1 . a compound of formula I , or a pharmaceuticaiiy acceptable sait or esier Thereof, 




wherein 

Ri is-X-R 10 or-X-(Rio)2 

Wherein X is a linker comprising 1 atom or a chain comprising 2, 3 or 4 atoms selected from 
N, C, O or S, and wherein when said linker comprises 2 or more C atoms the linker may 
comprise 1 or more C=C or CEC bonds; 

wherein any of said atoms has up to 2 optional substituents selected from hydrogen, oxo, 
cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, 
carbonyl, sulfur amino; 

R 10 is a substituent independently selected from the group consisting of hydrogen, cyano, 
halo, nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, 
amino, cycloalkyl, heterocycloalkyl, aryl; 

R 2 and R 7 represent one or more substituents attached to the phenyl ring selected from the 
group consisting of hydrogen, cyano, halo, nitro or optionally substituted oxy, lower alkyl, 
lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, aryl, 
heteroaryl or a substituent forming a bicyclic ring system of which the phenyl ring to which it 
is attached forms part of the bicycle for example butadiene forming napthyl, or 
heterobutadiene forming quinolinyl, quinoxalinyl or isquinolinyl; 

Ra and R, are independently selected from the group consisting of hydrogen, cyano, halo, 
lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, cycloalkyl, heterocycloalkyl, aryl; 



Uase 4-32743P1 



-81 - 

Rs and Re are independently selected from the group consisting of hydrogen, cyano, lower 
alkyl, lower alkyenyl, lower alkynyl, carbonyl, cycloalkyl, heterocycloalkyl, aryl; 

The optional substituents on X are one or more independently selected from the group 
consisting of hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower alkyl, lower 
alkyenyl, lower alkynyl, amino, sulfur, sulfinyl, sulfonyl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of 
hydrogen, oxo, cyano, halo, nitro, oxy, lower alkyl, lower alkyenyl, lower alkynyl, amino, 
sulfur, cycloalkyl, heterocyloalkyl, aryl; 

The optional substituents on R 10 are one or more substituents independently selected from 
the group consisting of hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, lower 
alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, Sulfur, cycloalkyl, heterocycloalkyl. aryl; 
Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
Sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
Sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, 
heterocycloalkyl, aryl; 

The optional substituents on R 2 and R 7 are one or more substituents independently selected 
from the group consisting of hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, 
lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, 
aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
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nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; ™ 

... .„ . ii.. i j mik»«i«iian»e ««a «r\+i<-»n«»ll\» ci ihctiti iteH nnr** or more bv a 
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substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl. aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or oxy, lower alkyl, tower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl. 
heterocycloalkyl, aryl; 

The optional substituents on R 3 and R4 are one or more substituents independently selected 
from the group consisting of hydrogen, oxo, cyano, halo, nitro or optionally substituted oxy, 
lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, heterocycloalkyl, 
aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro, oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, 
heterocycloalkyl, aryl; 

The optional substituents on R 5 and Rs are one or more substituents independently selected 
from the group consisting of hydrogen, oxo, cyano, optionally substituted lower alkyl, lower 
alkyenyl, lower alkynyl, carbonyl, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
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nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; 

wherein the optionally suostituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or optionally substituted oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, 
sulfur, cycloalkyl, heterocycloalkyl, aryl; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, oxo, cyano, halo, 
nitro or oxy, lower alkyl, lower alkyenyl, lower alkynyl, carbonyl, amino, sulfur, cycloalkyl, 
heterocycloalkyl, aryl; 



2. a compound of formula II, or a pharmaceutically acceptable salt or ester thereof, 




Re 

II 



Wherein 

R'i is -X'-R' 10 

Wherein X' is a linker independently selected from optionally substituted -N-C-N-, -N-C-, -N- 
S-, -N-S-N-, -C-N-, -S-N-, -CEC-, -C=C-, -N-C-S-, -C-, - S -N-S-R* • 



Wherein R 2 - Ri 0 are as herein before defined. 
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R' 10 is one or more subsfrtuents independently selected from the group consisting of 
hydrogen, halo, or optionally substituted carbonyl, amino, heterocycioalkyl and aryl. 

when R\ is -N-C-N-RSo the C atom is substituted by oxo, =N-C=N or =C-N0 2 . 

when R'i is -N-C-N-R'io. R'io is Hydrogen. 

when R'i is -N-C-N-R'io, R'io is optionally substituted by hydrogen. 

when R'i is -N-C-R'io or -C-N-R'io the C atom is substituted by oxo. 
when R'i is -N-C-R' 10 or -C-N-R'io. R'10 is optionally substituted methyl, piperidinyl. 
when R\ is -N-C-R'io or -C-N-R'io, R'io is substituted by hydrogen, methyl, benzyl, formic 
acid ethyl ester. 

when R'n is -N-S-R'™ or RVS-IJI-S-R\ 0 the S atom or atoms are substituted twice by oxo. 
when R\ is -N-S-R10 or RVS-ljl-S-R'^ ,R'io is optionally substituted methyl, 
when R'i is -N-S-R'10 or RVS-N-S-R'^ ,R'io is optionally substituted by hydrogen. 

when R'i is -N-S-N-R'10 the S atom is substituted twice by oxo and the N atom is 
independently optionally substituted by methyl. 

when R'i is -N-S-N-RNo, R'10 is hydrogen or optionally substituted methyl 
when R'i is -N-S-N-R' 10 , R'io is optionally substituted by hydrogen 

when R', is -C=C-R' 10 , R'10 is optionally substituted methyl, isopropyl or piperindinyl 
when R'i is -CEC-R'io. R\o is optionally substituted by hydrogen or amine 

when R'i is -C=C-R'i 0 , R'io is optionally substituted piperidinyl 

when R'i is -C=C-R'i 0 , R'io is optionally substituted by hydroxy, methyl. 



when R'-, is -N-C-S-R' 10 the C atom is substituted by =N-CEN or 
when R'i -N-C-S-R'io, R'io is optionally substituted methyl 
when R'i is -N-C-S-R'10, R'10 is optionally substituted by hydrogen. 

when R'n is -C-R'i 0 the C atom is optionally substituted by oxo, 

when R\ -C-R'i 0 , R'io is optionally substituted pyrrolidin, morpholino, Piperazine, Formic acid 
methyl ester or [1 ,2,4]triazol 
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when R'i is -C-R'i 0 , R'io is optionally substituted by hydrogen, oxo, methyl or ethanone. 

The optional substituents on R\ Q are one or more substituents independently selected from 
the group consisting of hydrogen, or optionally substituted oxy, lower alkyl, carbonyl, amino; 
Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen, or optionally 
substituted oxy; 

Wherein the optionally substituted substituents are optionally substituted once or more by a 
substituent independently selected from the group consisting of hydrogen or optionally 
substituted lower alkyl; 

3. a compound of formula III, or a pharmaceutical^ acceptable salt or ester thereof, 




R f 6 

ill 

Wherein RS is as herein before defined. 

R' 2 and R' 7 are hydrogen, cyano, halo or butadienyl. 

Rs and R' 6 are independently selected from the group consisting of hydrogen and lower 
alkyl; 

4. A compound according to claim 1 selected from the examples 1- 46 as disclosed in the 
specification. 

5. A method of inhibiting chemokine receptors or of reducing inflammation in a subject 
(i.e., a mammal, especially a human) in need of such treatment which method comprises 
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administering to said subject an effective amount of a compound according to claim 1, or a 
method of treating any of the above mentioned conditions, particularly a method of treating ( 
an inflammatory or autoimmune disease or condiiion, e.g., mump!*? sclerosis or iiieurnatGicI 
arthritis, or alleviating one or more symptoms of any of the above mentioned conditions; 

a compound according to claim 1 for use as a pharmaceutical, e.g. for use as an 
immunosuppressant or antiinflammatory agent or for use in the prevention, amelioration or 
treatment of any disease or condition as described above, e.g., an autoimmune or 
inflammatory disease or condition; 

A pharmaceutical composition comprising a compound according to claim 1 in 
association with a pharmaceutical^ acceptable diluent or carrier, e.g., for use as an 
immunosuppressant or anti-inflammatory agent or for use in the prevention, amelioration or 
treatment of any disease or condition as described above, e.g., an autoimmune or 
inflammatory disease or condition, or 

use of a compound according to claim 1 in the manufacture of a medicament for use 
as an immunosuppressant or anti-inflammatory agent or for use in the prevention, 
amelioration or treatment of any disease or condition as described above, e.g., an 
autoimmune of inflammatory disease or condition. 

6. A process for the preparation of a compound of formula I 

7. All novel compounds, methods, processes and uses substantially as hereinbefore 
described with particular reference to the Examples. 
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